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GEORGE  WESTINGHOUSE 

Response  to  a  Toast  at  the  Dinner  in  Connection  with  the  Annual  Meeting 
of  the  District  Managers  of  tlie  Westinghouse  Electric  and  Manufacturing 
Company  at  the  Duquesne  Club,  Pittsburg,  December  3,  1903 

By  Frank  H.    Taylor,    Vice-President 

GEORGE  WESTINGHOUSE: 
Mechanic;  Friend  of  Labor; 

Inventor;  Tireless  Organizer; 

Financier;  Founder  of  Enduring  Industries. 

What  all  the  world  knows  needs  onl}'  to  be  mentioned  to 
3'ou  who  are  his  associates  in  business: 

The  revolution  in  railroading  wrought  by  the  developed  air 
brake; 

The  foresight  that  recognized  the  importance  of  the  discov- 
ery of  natural  gas  in  the  Pittsburg  district  and  controlled  its 
development; 

The  resourcefulness  and  ingenuit\^  which  won  the  great  vic- 
tory at  the  World's  Fair  in  Chicago; 

The  courage  that  triumphed  over  the  difficulties  of  a  finan- 
cial crisis; 

The  power  that  has  led  the  unparalleled  increase  in  the 
Westinghouse  industries  which,  started  but  a  few  years  ago,  are 
now  appalling  in  their  size  and  extent; 

The  executive  ability  that  has  been  the  controlling  factor  in 
these  interests,  so  numerous  that  no  one  here  in  an  hour's  time 
could  write  out  a  complete  list  of  them. 

These  interests  have  grown  so  large  and  the  number  of 
responsible  officers  has  become  so  great  that  Mr.  Westinghouse 
is  not  as  intimately  known  to  you  as  I  should  desire,  and  as  I  am 
sure  he  himself  would  desire,  if  it  were  possible. 
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Some  of  the  peculiarities  which  have  aided  him  to  acquire 
his  present  position  may  be  illustrated.  For  example,  it  is 
unusual  for  an  inventive  genius  to  be  so  perfectly  open-minded 
to  the  inventions  of  others.  I  sometimes  think  he  is  as  happy 
over  the  discoveries  of  other  minds  as  though  they  were  his 
own.  He  has  found  a  means  for  the  development  of  new  inven- 
tions all  his  life.  Great  intellects  have  worked  for  him,  been 
encouraged  and  protected  by  him.  I  name  at  random:  Shal- 
lenberger,  Tesla,  Scott,  Parsons,  Nernst,  Ruud,  Cooper  Hewitt, 
Thomas,  Davis,  Bremer,  Lamme,  Wurts,  Lange. 

His  mind  is  constantlj- reaching  out  into  the  future,  and  after 
one  has  been  much  with  him  it  becomes  practically'  impossible  to 
live  altogether  in  the  present,  because  there  is  brought  to  view  at 
every  turn  possibilities  of  new  things  yet  undeveloped  which  are 
to  serve  future  generations  at  a  time  when  the  world  has 
advanced  far  beyond  its  present  stage.  The  imagination  is  con- 
stantly, stimulated  and  interest  kept  alive  by  the  new  principle 
that  is  struggling  on  towards  definite  shape. 

There  is  always  present  the  evidence  of  good  will  toward 
ever)'  one;  a  quick  appreciation  of  the  good  points  of  other 
people.  In  the  course  of  his  life  he  has  been  forsaken  by  friends 
who  lacked  courage  to  follow  him,  and  in  its  main  crisis  he  was 
greatly  hampered  b}'  heart-breaking  incidents  of  this  kind.  Yet 
no  one  has  ever  heard  him  saj'  an  unkind  word  of  these  men. 
His  foresight  is  phenomenal.  The  industries  in  this  country 
have  grown  up  even  faster  than  seemed  wise  to  a  great  many  who 
were  associated  with  him.  They  did  not  see  the  value  of  what 
he  was  doing  as  clearly  as  he  saw  it,  and  time  alone  has  justi- 
fied the  thoroughness  with  which  plans  have  been  laid,  buildings 
designed  and  executed.  Energy  and  expense  have  not  been 
spared  upon  any  of  his  works.  They  have  been  developed  in 
such  a  way  that  they  can  be  extended  forever. 

No  sooner  had  provision  been  made  for  this  countr}'  than 
many  of  his  closest  friends  were  startled  by  a  move  upon  Europe 
and  the  markets  of  the  world.  Some  men  have  charged  this 
move  to  a  mere  ambition  to  plant  his  name  in  Europe.  They 
wondered  that  he  should  tax  his  resources  and  take  upon  himself 
the  tremendous  strain  which  has  finally  resulted  in  the  great 
organizations  and  plants  in  England,  France,  Russia  and  Ger- 
many. 

The  associates  who  questioned  his  wisdom  did  not  have  his 
foresight  and  did  not  see  that  these  things  were  necessary  for  the 
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protection  of  the  initial  developments  in  the  United  States.  I 
give  no  importance  to  m)^  own  judgment  in  this  matter,  but  Mr. 
Westinghouse  knew  that  the  foundations  here  would  have  been 
insecure  had  not  the  foreign  field  been  entered  during  his  period 
of  maximum  activity.  We  shall  live  to  see  all  the  effort  justi- 
fied, and  the  Westinghouse  interests  the  world  over  fitting 
together  and  helping  one  another. 

After  all,  what  is  the  ultimate  aim  of  '\\?.  .  Men  work  for 
wealth,  for  social  position,  for  the  esteem  of  professional  asso- 
ciates, for  the  applause  of  the  world.  These  things  may  be 
nominated  ambition  and  of  that  all  men  must  plead  guilty. 

In  the  case  of  Mr.  Westinghouse  the  aim  is  not  immediate 
wealth.  He  has  done  his  work  too  thoroughly  to  have  that  as 
his  goal.  From  my  closer  observation  of  him  I  should  determine 
that  he  meant  to  leave  a  monument  upon  the  earth  that  shall  be 
strong  enough  to  stand  alone  without  consolidation  with  other 
interests,  and  that  shall  bear  his  name  for  a  hundred  years. 
Napoleon's  words  to  his  brother  when  he  was  made  ruler  of 
Spain  were:  "My  one  word  of  advice  to  you — be  master,"  and 
I  anticipate  that  the  Westinghouse  interests  wall  be  master  of 
anything  they  associate  with  during  the  next  century.  By  that 
time  the  appreciation  of  what  Mr.  Westinghouse  has  done  for 
the  world  will  be  clearer  and  more  just  than  it  is  to-da5^ 

Great  men  cannot  be  compared  one  with  another.  They 
are  moulded  by  circumstances  and  no  two  are  alike  any  more 
than  two  great  trees  are  alike,  yet  no  man  is  great  who  lacks 
certain  essential  qualities:  First,  he  must  at  all  times  be  just, 
and  in  the  case  before  us  this  quality  has  prevailed.  A  great 
nature  shows  itself  by  being  kind  and  considerate.  The  under- 
lying sweetness  of  his  spirit  is  illustrated  by  the  watchword  that 
he  uses  among  all  his  interests — a  constant  repetition  of  a  plea 
for  harmonious  action.  Other  virtues  are  shown  by  the  clean- 
ness of  his  life.  You  who  have,  at  times,  worked  for  other  kinds 
of  men  must  know  the  power  that  comes  to  those  who  work  for 
a  clean  man,  and  one  who  demands  soundness  of  thought  and 
expression.  He  is  never  satisfied  with  surface  appearances,  but 
seems  to  look  right  through  to  the  heart.  His  mind  is  so  quick 
that  he  sees  the  essential  point  in  a  complicated  situation  even 
before  the  story  can  be  fully  told  to  him.  Once  determined  upon 
his  course,  he  is  not  to  be  laughed  out  of  it,  frightened  out  of  it, 
nor  bought  off. 
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The  boundless  hospitality  of  his  home  has  been  often  men- 
tioned, but  when  one  has  had  the  opportunity  repeatedly  of  see- 
ing him  there,  he  is  impressed  with  the  uniform  cheerfulness  of 
the  man  and  of  his  sustained  interest  in  every  detail  of  house- 
hold life.  I  saw  somewhere  a  letter  from  a  wife  written  upon 
the  birthday  of  her  middle-aged  husband.  In  the  letter  this 
sentence  appeared:  "To  me,  you  will  always  be  my  3'oung 
lover."  This  one  sentence  defines  Mr.  Westinghouse  in  his 
home. 

To  one  associated  with  him  in  business,  it  has  often  seemed 
that  to  be  loved  of  the  man  is  an  aim  worthy  of  a  life  of  devotion 
to  his  interests. 

I  have  referred  to  the  fact  that  all  men  have  their  ambitions. 
Every  one  here  is  anxious  for  a  broader  field,  and  I  am  sure  will 
attain  to  it.  Yet  every  one  of  us  has  arrived  at  an  age  when  we 
can  make  a  fairly  good  estimate  of  our  probable  attainments. 
This  is  our  annual  dinner  and  it  is  a  good  time  to  take  account 
of  stock.  My  judgment  is  that  there  is  in  our  organization  an 
opportunity  for  every  man  to  be  satisfied.  For  myself,  first  of 
all,  I  want  a  conscience  void  of  offense.  Next,  I  want  to  leave 
some  record  in  the  world  for  m}-  family.  I  should  like  to  be 
remembered  as  one  who  has  accomplished  something.  I,  too, 
want  to  leave  a  monument.  M}'  ambition  is  not  for  popularity 
nor  for  fortune.  I  am  satisfied  if  I  leave  my  children  the  inher- 
itance that  their  father  had  been  able  to  catch  something  of  the 
spirit  of  a  great  leader,  and  that  he  had  been  somehow  useful  in 
perfecting  that  leader's  work  and  in  developing  his  plans.  For 
me  it  shall  be  enough  that  I  served  under  George  Westinghouse; 
that  I  was  accounted  one  of  his  efficient  lieutenants. 
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THE     SINGLE-PHASE     SERIES     MOTOR     IN     ITS 

RELATION    TO     EXISTING    RAILWAY 

SYSTEMS 

By  Charles  F.    Scolt,    Chief  Eleetrieian 

In  1887  a  catalogue  was  issued,  entitled,  "The  Van  Depoele 
System  of  Electric  Railwa3'S,"  which  gave  a  list  of  Van  Depoele 
roads,  six  in  all,  operating  a  total  of  fourteen  and  three-quarters 
miles,  and  adds,  "As  the  matter  now  stands  we  have  more  miles 
of  electric  railway  now  in  successful  operation  than  all  the  other 
electric  railways  in  the  world  combined."  In  1890,  three  years 
later,  the  mileage  of  single  track  electric  railways  in  the  United 
States  had  increased  to  1,262  and  in  1902  it  reached  21,914.  In 
this  development  the  introduction  of  the  rotary  converter  has 
been  one  of  the  most  important  factors,  as  it  gave  a  new  impetus 
and  a  new  scope  to  electric  railway  working. 

In  the  present  railway  system,  however,  the  rotary  converter, 
requiring  the  synchronous  operation  of  apparatus  in  widely  dis- 
tributed sub-stations,  is  the  weakest  link  in  the  whole  system.  It 
is  costly  to  install,  it  is  expensive  to  operate  on  account  of  loss 
in  power  and  the  attendance  necessary,  and  it  is  the  element 
which  is  most  likely  to  interfere  either  directly  or  indirectly  with 
continuous  operation  of  service. 

The  new  system  employing  the  single-phase  series  motor,  by 
leaving  out  the  rotary  converter  sub-station,  eliminates  the 
weakest  element  in  the  present  system.  A  careful  consideration 
of  the  single-phase  system  shows  that  it  does  not  involve  these 
elements  in  the  distributing  system  and  in  the  control,  which  are 
the  weakest  features  and  the  elements  which  limit  the  extension 
of  the  present  system.  The  single-phase  railway  system  there- 
fore has  in  it  the  elements  for  a  development  and  an  extension  of 
railway  work  which  ma}'  far  surpass  even  the  impetus  given  by 
the  rotarv  converter. 

It  is  furthermore  most  remarkable  that  the  new  apparatus  is 
not  revolutionary  in  discarding  the  best  elements  of  the  old  sys- 
tem, but  it  retains  them,  and  not  only  that,  but  the  apparatus 
corresponds  in  some  features  so  closely  with  apparatus  in  the 
existing  systems  that  it  may  frequentlj'  be  adapted  to  them  in 


6  THE  ELECTRIC  CLUB  JOl'RNAL 

ways  which  would  be  utterly  impossible,  for  example,  if  the  new 
system  involved  polyphase  currents  and  induction  motors. 

A  new  railway  motor  must  be  considered  not  only  in  respect 
to  its  own  characteristics  and  intrinsic  merits,  but  also  in  con- 
nection with  the  general  system  of  which  it  forms  a  part.  Nor 
can  a  new  railway  system  be  considered  wholly  upon  its  own 
merits  unless  it  is  to  be  installed  in  a  place  where  it  has  no  rela- 
tion to  any  existing  electric  railway.  The  relation  of  the  series 
alternating-current  motor  to  existing  railway  systems  is  therefore 
a  question  of  first  importance  in  connection  with  the  introduc- 
tion of  the  new  motor,  except  in  those  cases  where  the  new  road 
has  no  connection  with  an  existing  system.  The  element  in  the 
present  electric  railway  which  has  remained  unchanged  since 
the  earliest  railways  and  is  now  universal  is  the  use  of  500-volt 
direct  current.  The  generators  have  changed  from  belt-driven 
to  direct-driven,  from  direct  current  to  alternating  current;  the 
transmission  system  has  changed  from  heavy  feeders  to  alternat- 
ing-current transmission  with  rotary  converter  sub-stations;  on 
the  car  the  series  motor  is  still  the  only  motor,  but  motors  have 
increased  greatly  in  size  and  have  improved  in  design  and  in 
reliabihty,  and  the  multiple  unit  system  of  control  has  been 
introduced  for  larger  equipments.  The  500-volt  trolley,  how- 
ever, has  remained  standard  through  the  changes  in  the  other 
parts  of  the  railway  svstem.  The  modern  railway  power-house 
which  supplies  current  for  operating  railways  through  rotary  con- 
verters produces  alternating  current  at  25  cycles.  The  two 
important  elements  in  the  present  system  which  require  attention 
in  connection  with  the  single-phase  motor  are  the  ability  of  the 
motor  to  operate  normally  on  25  c.vcles  and  temporarily  on  500 
volts  direct  current. 

The  paper  by  Mr.  B.  G.  Lamme,  the  designer  of  the  new 
motor,  read  before  the  American  Institute  of  Electrical  Engineers, 
September,  1902,  presents  the  alternating-current  railway  system 
per  se.  So  complete  was  the  paper  that  it  contains  practically 
all  of  the  points  which  have  been  brought  out  in  the  technical 
press  in  the  past  year  relative  to  single-phase  railway  operation. 

Mr.  Lamme  has  continued  his  work  of  developing  the  motor 
and  the  results  of  this  work  are  of  very  great  commercial  import- 
ance in  two  respects. 

First — Large  as  well  as  small  motors  may  be  operated  suc- 
cessfully on  25  cycles,  or  3000  alterations. 
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Second — Under  certain  conditions  the  motors  may  be  oper- 
ated on  ordinary  direct-current  railway  circuits. 

Twenty-five  Cycles — A  frequency  of  167^  cycles  (2000 
alterations)  was  employed  for  the  first  single-phase  motors. 
The  difficulties  inherent  in  the  design  of  a  commutating  motor 
increase  as  the  frequency  increases.  The  experience  gained  in 
the  construction  and  tests  of  a  number  of  motors  has  led  to  the 
design  of  motors  for  25  cycles  equal  in  performance  to  that  of 
the  early  motors  at  the  lower  frequency.  The  adoption  of  25 
cycles,  howev'er,  makes  the  present  alternators  available  for  the 
operation  of  the  alternating  current  motor,  and  in  fact  they  may 
be  used  for'  supplying  alternating  current  to  the  cars  equipped 
with  the  new  motor  and  for  supplying  direct  cUrrent  through 
rotar}'  converters  to  the  old  cars.  The  several  circuits  of  a 
polyphase  alternator  may  suppl}^  current  to  different  sections  of 
a  sj^stem,  each  of  which  operates  single-phase  motors. 

An  existing  railway  company  may  equip  one  division  of  its 
service  or  it  may  equip  a  new  extension  with  the  alternating-cur- 
rent motor  and  then  operate  both  kinds  of  service  without  the 
necessity  of  having  two  kinds  of  generators.  At  a  later  time, 
therefore,  it  may  be  practicable  to  change  over  the  whole  system 
to  alternating  current  employing  the  same  power  house,  but  dis- 
carding the  rotary  converter  sub-stations. 

Five  Hundred-Volt  Direct-Current  Circuits — One  of 
the  unique  features  of  the  alternating-current  motor  which  is 
now  being  considered  is  its  conformity  to  the  standard  type  of 
direct-current  motor.  Various  forms  of  polyphase  motors  and 
other  types  of  single-phase  motors  have  been  considered  and  to 
some  extent  used  in  railway  work.  The  present  alternating-cur- 
rent motor  is  also  a  first-class  direct-current  motor,  which  not 
only  insures  that  it  will  give  the  same  characteristics  in  service 
which  have  made  the  series  motor  the  only  acceptable  motor  in 
direct-current  work,  but  it  also  secures  a  type  which  can  be  oper- 
ated indifferently  upon  alternating  current  or  on  direct  current. 
This  characteristic  will  be  of  little  or  no  consequence  on  those 
roads,  particularly  new  installations,  where  there  is  no  direct 
current.  There  are,  however,  many  cases  where  the  route  of  a 
proposed  railway  includes  greater  or  less  lengths  of  track  which 
are  supplied  with  direct  current,  making  it  necessary  or  at  least 
desirable  to  operate  temporarily  from  a  direct-current  trolley. 
If  the  length  of  track  which  is  used  in  common  be  short  it  may 
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be  best  to  install  two  separate  troUe}  wires  and  thus  keep  the  tw  o 
systems  separate.  This  is  desirable,  but  is  often  impracticable. 
Single-phase  series  motors  are  normally  wound  for  250  volts, 
so  that  two  of  the  motors  connected  in  series  are  suitable  for  oper- 
ation on  a  500-volt  direct-current  circuit.  Operation  by  direct 
current  makes  it  necessary  to  employ  a  rheostatic  form  of  control 
similar  to  that  ordinarily  used  with  direct-current  motors.  It 
further  makes  it  necessary  to  have  four  motors  (two  pairs  of  two 
in  series)  in  order  to  secure  the  series-parallel  control.  In  other 
words,  two  single-phase  motors  connected  in  series  take  the 
place  of  one  direct-current  motor.  A  four-motor  equipment  may 
therefore  be  operated  with  the  ordinary  type  of  series-parallel 
control.  A  t\Vo-motor  equipment,  if  operated  upon  direct  cur- 
rent, would  make  it  necessary  that  the  whole  control  be  by 
means  of  a  rheostat  in  the  same  w^.y  that  a  single  direct-current 
motor  w^ould  be  operated.  An  equipment  of  single-phase  motors 
with  rheostatic  control  ma}'  be  operated  either  upon  a  500-volt 
direct-current  circuit,  or  upon  a  500-volt  alternating-current 
circuit,  or  upon  a  high  voltage  trolley  circuit  of  say  1000  to  3000 
volts,  the  voltage  being  reduced  b}'  a  transformer  on  the  car.  A 
given  car  therefore  may  start  in  a  city  w^hich  has  a  500-volt  sys- 
tem, running  along  with  local  cars  from  the  same  direct-current 
trolley;  it  may  then  go  across  countr}'  with  alternating  current 
at  high  voltage;  it  may  then  go  through  a  village  taking  alternat- 
ing current  at  500  volts  and  then  take  high  voltage  again,  as  may 
be  convenient. 

This  arrangement  of  control  by  which  the  car  may  be  oper- 
ated either  from  alternating  or  direct  current  will  in  general  pre- 
vent the  use  of  variable  voltage  control.  The  voltage  control, 
in  which  rheostats  are  eliminated  and  the  voltage  appropriate  for 
the  motor  is  secured  either  from  suitable  loops  brought  out  from 
the  transformer  or  by  means  of  the  induction  controller,  is  the 
efficient  and  obviously  desirable  one  to  use  with  the  alternating- 
current  motor.  The  advantage  in  the  voltage  control  is  greatest 
in  those  cases  where  stops  are  frequent  or  where  the  motor  is 
run  at  a  low  speed  during  a  considerable  proportion  of  the  time, 
as  it  is  in  these  cases  that  the  rheostat  is  in  service  a  considerable 
part  of  the  time  and  the  rheostatic  loss  is  large.  The  loss  in  the 
rheostat  of  an  ordinary  suburban  car  will  be  relativel}^  small  if 
the  stops  are  infrequent.  In  some  cases,  however,  in  which  the 
stops  are  very  frequent  loss  in  the  rheostat  may  be  as  much  as  15 
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or  20  per  cent  of  the  total  power  delivered  to  the  car.  It  is  theo- 
retically possible  to  install  both  the  rheostatic  control  and  the 
voltage  control  on  the  same  car,  but  in  general  this  is  not  feasible 
on  account  of  the  weight,  cost  and  complication  of  the  double 
S3'stem  of  control. 

The  adaptation  of  the  single-phase  motor  for  operating  on 
direct  current  is  advantageous  as  above  indicated  for  enabling 
interurban  cars  to  operate  on  direct  current  in  cities  and  on 
alternating  current  across  country.  It  also  opens  another  possi- 
bilit}'.  Existing  railways  which  may  desire  to  operate  extensions 
of  their  present  systems  by  single-phase  motors  or  which  may 
find  it  advantageous  to  change  from  their  present  rotary  con- 
verter system  to  the  single-phase  system  in  the  future,  may  make 
provision  for  so  doing  by  purchasing  alternating-current  motors 
for  operation  on  their  present  direct-current  systems,  thereby 
providing  equipments  which  will  operate  upon  an  alternating- 
current  system  in  the  future.  A  study  of  the  savings  to  be 
secured  in  sub-stations  b}^  the  elimination  of  rotary  converters 
with  their  attendants;  by  the  reduced  cost  of  feeder  circuits, 
through  the  use  of  a  higher  trolley  voltage,  or  the  placing  of  sub- 
stations closer  together;  also  by  the  saving  in  power  through  the 
higher  efficiency  of  the  system  resulting  from  the  elimination  of 
losses  in  rotary  converters  and  usually  a  less  loss  in  circuits,  pre- 
sents sufficient  reason  why  those  who  are  about  to  purchase  motors 
for  their  existing  systems  should  give  careful  consideration  to  the 
desirabilit}'  of  purchasing  the  alternating-current  motor  for  use 
on  the  existing  direct-current  circuits,  as  these  motors  are  suit- 
able for  alternating  current  as  well  as  direct  current,  and  their 
installation  provides  the  way  for  a  ready  change  of  system  in  the 
future. 
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THE    ALTERNATING-CURRENT  SERIES   MOTOR 

AN    EXPLANATION    OF    ITS    OPERATION 

By  F.    D.   Nezvhjtry 

A  Paper  Presented  Before  the  Testing  Section  Dec.  11.  1903 

It  is  a  matter  of  common  experience  that  in  a  direct-current 
series  motor,  if  the  direction  of  current  in  both  armature  and  field 
be  changed,  the  armature  will  continue  to  revolve  in  the  same 
direction.  Then,  with  alternating  current  in  the  motor,  and  with 
the  armature  and  field  in  series,  the  direction  of  rotation  will  not 
change  witl\  the  reversals  of  the  alternating  current,  and  the 
armature  will  revolve  just  as  it  does  with  direct  current. 

So  far  as  the  production  of  mechanical  energy  is  concerned, 
the  action  of  the  motor  is  the  same  whether  direct  or  alternating 
current  is  used.  The  alternating  current,  as  such,  is  not  essen- 
tial to  the  operation  of  the  new  motor;  on  the  contrary,  the 
problem  has  been  to  develop  a  motor  that  would  operate  in  spite 
of  certain  difficulties  inherent  in  the  alternating  current,  so  that 
it  would  have  the  proper  speed-characteristics  for  railway 
work  and,  at  the  same  time,  enable  the  simple  voltage-trans- 
formation, possible  with  alternating  currents,  to  be  used  in  other 
parts  of  the  railway  S3^stem.  The  direct-current  series  motor 
may  be  considered  a  special  case  of  the  more  general  alternating- 
current  motor,  for  while  the  alternating-current  motor  makes  an 
equall}'  successful  direct-current  motor,  the  reverse  is  not  true. 
From  the  similarity  of  the  two  motors  it  follows  that  changes  in 
voltage,  load,  and  so  on  have  corresponding  effects  on  speed  and 
torque  in  the  alternating-current  motor  as  similar  changes  in  the 
direct-current  motor.  The  practical  operation  of  the  two  motors 
is  also  the  same.  The  alternating-current  motor  is  started  by 
lowering  the  voltage,  either  by  resistance,  as  in  the  direct-current 
motor,  or,  more  economically,  by  some  form  of  transformer. 
The  motor  is  reversed  by  interchanging  either  the  field  or  arma- 
ture connections,  as  in  the  ordinary  railway  motor.  On  account 
of  its  self-induction  the  alternating-current  motor  will  stand 
rougher  usage  than  the  direct-current  motor.  For  example,  a 
100-hp  motor  has  frequentl}''  been  started  by  full  voltage  and  has 
been  reversed,  when  running  under  full  load  and  voltage,  by 
simply  throwing  over  a  double-throw  switch. 
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While,  in  general,  the  alternating-current  series  motor  works 
on  the  same  principles  as  the  corresponding  direct-current  motor, 
several  things  happen  inside  of  the  former,  by  reason  of  the 
var3ang  magnetic  field  produced  by  the  alternating  current,  that 
are  not  found  in  the  direct-current  motor.  A  more  detailed  ex- 
planation of  the  action  of  the  alternating-current  motor  may, 
therefore,  be  of  interest.  The  phenomena  characteristic  of  the 
alternating-current  motor  are: 

(1.)  'An  e.m.f.  generated  in  the  armature  winding  by  the 
alternating  magnetic  field,  in  addition  to  the  e.m.f.  generated 
by  the  rotation  of  the  armature. 

(2. )  A  local  current  circulating  in  the  armature  coils  short- 
circuited  by  the  brushes,  due  to  the  e.m.f.  in  (1.) 

(3.)  An  iron-loss  occurring  in  the  entire  magnetic  circuit, 
due  to  the  alternating  magnetic  field. 

(4.)  An  active  e.m.f.  existing  between  the  turns  of  the  field 
coils— what  ma}'  be  called  the  counter  e.m.f.  of  the  lield  coils. 


c 
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(1.)  The  Electrically-generated  e.m.f. — With  an  alter- 
natinglield  there  are  two  distinct  e.  m.  f .  's  generated  in  the  armature 
coil;  the-first  by  the  movement  of  the  coil  through  the  field,  with 
a  maximum  value  when  the  coil  is  in  the  position  A  B  (Fig.  1), 
and  a  zero  value  in  the  position  C  D;  and  the  second  by  the  alter- 
nating magnetism,  with  the  maximum  value  occurring  when  the 
coil  is  in  the  position  C  D  and  a  zero  value  in  the  position  A  B. 
The  iirst,  or  mechanically-generated  e.m.f.,  is  proportional  to 
the  speed;  the  second,  or  electrically-generated  e.m.f.,  is  pro- 
portional to  the  current  frequency.  While  these  two  e.m.f.'s 
exist  in  the  armature  winding,  only  one — the  mechanically-gener- 
ated e.m.f. — appears  at  the  terminals  of  the  motor.  The  reason 
for  this  is  shown  by  Fig.  2.  In  this  sketch  the  directions  of  the 
e.m.f.'s  in  each  part  of  the  winding,  at  one  instant,  are  shown 
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b.v  the  arrows,  the  full  arrows  representing  the  mechanically- 
generated  e  m.f.,  and  the  dotted  arrows  the  electrically-gener- 
ated e.m.f.  On  the  two  sides  of  the  Hne  C  D  the  mechanically- 
generated  e.  m.f.  is  in  opposite  directions,  and  on  the  two  sides 
of  the  line  A  B  the  electrically-generated  e.m.f.  is  in  opposite 
directions.  It  is  evident  from  Fig.  2  that  so  far  as  the  outside 
circuit  is  concerned  the  electrically-generated  e.m.f.  neutralizes 
itself,  and  plays  no  part  in  determining  the  current  taken  by  the 
motor.  This  is  only  true  when  the  brushes  are  on  the  neutral 
points.  The  electricall3^-generated  e.m.f.  is  of  only  theoretical 
interest,  except  for  its  effect  on  the  armature  coil  short-circuited 
by  the  brush,  as  explained  in  the  following  paragraph. 


\-l.  ■  Thk  Local  Armature  Current — At  each  brush  there 
is  a  local  circuit  in  which  the  electrically-generated  e.m.f.  is  not 
neutralized.  A  current  results,  which,  if  not  prevented,  affects 
commutation  and  increases  the  motor-loss.  Fig.  3  shows  this 
local  circuit  made  up  of  an  armature  coil  and  the  brush.  It  is 
seen  that  when  the  coil  is  short-circuited  by  the  brush  it  is  in  the 
position  of  maximum  value  of  the  electricall3^-generated  e.m.f., 
corresponding  with  the  position  C  D  (Fig.  1).  This  local  circuit 
ma}'  be  compared  with  the  short-circuited  secondary  of  a  trans- 
former, of  which  the  field  coil  is  the  primary.  The  loss  occasioned 
by  the  local  current  appears  as  a  part  of  the  energy  component  of 
the  field  \oltage,  the  action  bemg  the  same  as  in  a  transformer. 
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C3. )  The  Alternatinc-currknt  Iron-loss — The  total  iron- 
loss  occurring  in  the  motor  may  be  divided  in  two  parts — that 
occurring  in  the  armature  and  pole-faces,  due  to  the  dotation  of 
the  armature,  and  that  occurring  in  the  entire  magnetic  circuit, 
due  to  the  alternating  magnetic  field.  The  former  is  analagous 
to  the  iron-loss  occurring  in  a  direct-current  motor,  and  for  that 
reason  may  be  called  the  direct-current  iron-loss.  It  is  supplied 
mechanically,  its  effect  being  to  increase  the  frictional  torque  of 
the  motor.  The  latter  will  be  called  the  alternating-current  iron- 
loss.  This  is  supplied  electrically  by  an  increase  in  the  energy- 
component  of  the  voltage  of  both  armature  and  field. 


Brush 


Fig.  3 

(4.)  The  Counter  e.m.f.  of  the  Field  Coils — The  three 
properties  of  the  alternating-current  motor,  already  considered, 
are  chiefiy  of  interest  to  those  concerned  with  the  design  of  the 
motor.  For  instance,  the  presence  of  an  e.m.f.  in  the  coil 
short-circuited  by  the  brush  introduces  a  problem  for  the 
designer  to  solve,  and  when  he  has  solved  it,  its  action  is  of  no 
further  importance.  On  the  contrary,  the  existence  of  a  generated 
e.m.f.  in  the  field  coils  is  a  thing  with  which  the  man  who  oper- 
ates the  motor  is  very  actively  concerned.  The  field  coil  of  the 
alternating-current  motor  is  simply  a  choke  coil,  and  has  gener- 
ated in  it  the  familiar  counter  e.m.f.  of  self-induction.  This 
counter  e.m.f.  affects  the  operation  of  the  motor  in    two  ways: 

(a.)  It  introduces  a  voltage  in  the  alternating-current  motor 
that  is  not  present  in  the  direct-current  motor,  which  increases 
the  total  voltage  required  to  run  the  motor,  particularly  at  start- 
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ing.  This  voltage,  however,  is  very  nearly  at  right  angles  with 
the  armature  voltage,  so  that  the  different  voltages  are  not 
directly  added  and  subtracted;  i.  e.,  the  numerical  sum  of  the 
armature  voltage  and  field  voltage  is  not  equal  to  the  total  volt- 
age of  the  motor,  as  measured  across  the  terminals. 

(b. )  It  increases  the  seriousness  of  a  short  circuit  in  the  held 
coil.  With  direct  current  a  short  circuit  simply  means  cutting 
out  the  short-circuited  turns;  it  does  not  usually  put  the  motor 
out  of  service.  With  alternating  current,  however,  it  is  obvious 
that  this  counter  e.m.f.  will  cause  a  destructive  current  to  flow 
in  the  short-circuited  turns,  burning  them  out  and  opening  the 
motor-circuit.  This  is  taken  care  of  in  the  motor  by  additional 
insulation  in  the  field  coils. 

A  more  detailed  explanation  of  these  effects  can  be  made 
most  clearly  by  a  diagram  of  the  motor  voltages. 


^/TTOOO^ 
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Fig.  4 


Fig.  5 


Fig.  4  represents  the  motor  circuit  and  Fig.  5  the  voltage 
diagram.  The  two  sketches  are  similarly  lettered,  so  that  the 
line  A  B  in  Fig.  5  represents  the  voltage  of  the  circuit  A  B  in 
Fig.  4.  Starting  at  one  terminal,  A,  and  with  the  direction  of 
current  as  shown,  the  field  voltage  is  the  line  A  B.      It  is  made 
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up  of  two  components,  the  e.m.f.  used  in  overcoming  the  coun- 
ter e.m.f.  of  self-induction,  A  X,  and  the  e.m.f.  representing 
the  losses  supplied  by  the  field,  X  B;  or,  in  other  words,  of  the 
inductive  component,  A  X,  and  of  the  energy  component,  X  B. 
It  is  seen  that  the  energy  component  is  small  compared  with  the 
inductive  component,  which  makes  the  field  voltage  nearly  90 
degrees  ahead  of  the  current.  The  line  B  C  is  the  armature  voltage. 
This  also  is  the  resultant  of  energy  and  inductive  components,  B 
Y  and  Y  C.  In  the  armature,  the  energy  component  is  the  larger, 
since  it  represents,  in  addition  to  the  armature  losses,  the  energy 
transformed  into  mechanical  work.  It  is  also  seen  that  the  arma- 
ture self-induction  is  small,  compared  with  that  of  the  field.  The 
total  voltage  of  the  motor  is  A  C,  and  is  the  resultant  of  the  arma- 
ture and  field  voltages.  It  is  considerably  smaller  than  their 
numerical  sum.  The  total  voltage  is  also  the  resultant  of  the 
total  inductive  component,  A  Z,  and  of  the  total  energy  compo- 
nent, Z  C. 

Since  the  motor  is  a  series  machine,  the  total  inductive  com- 
ponent is  alwa3'S  the  same  for  the  same  current;  it  does  not 
depend  on  the  impressed  voltage  or  power  developed.  For 
example,  in  a  shunt  motor,  the  magnetizing  current — and,  there- 
fore, the  inductive  voltage — would  depend  on  the  impressed  volt- 
age. Suppose  that  the  motor  is  just  starting,  and  is  taking  the 
same  current  as  when  operating  under  the  conditions  shown  in 
the  diagram,  in  which  it  is  running  at  high  speed  and  developing 
considerable  power.  Since  the  current  is  the  same,  the  total 
inductive  voltage  is  the  same.  The  energy  component  of  the 
field  voltage  is  the  same,  but  the  energy  component  of  the  arma- 
ture voltage  is  very  much  less,  since  on  starting,  the  developed 
power  is  inconsiderable,  although  the  torque  may  be  the  same. 
The  total  energy  component  approximates  Z  D,  Fig.  5.  Then, 
on  starting,  the  motor  voltage  (the  resultant  of  the  total  induc- 
tive and  total  energy  components)  is  A  D.  It  is  evident  that  the 
field  counter  e.m.f.  has  a  much  greater  effect  on  the  total  motor 
voltage  on  starting  than  when  up  to  speed.  With  alternating 
current  the  starting  voltage  is  about  one-half  the  full  rated  volt- 
age; with  direct  current  in  the  same  motor  and  under  the  same 
conditions  the  respective  voltages  would  be  approximately  equal 
to  the  energy  components  Z  C  and  Z  D  in  Fig.  5.  The  relation, 
instead  of  one-half,  would  be  about  one-sixth.  The  power  factor 
is  also  low  on  starting,  as  shown  by  the  diagram,  the  angle  y 
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representing  the  phase  difference  between  voltage  and  current. 
This  follows  naturally  from  the  fact  that  the  inductive  component 
is  about  the  same  as  when  the  motor  is  loaded,  while  the  energy 
component  is  very  much  smaller.  It  may  be  noted  that  the  low- 
power  factor  at  starting  implies  less  power  from  the  circuit  than 
a  high  power  factor.  The  angle  *  represents  the  phase  differ- 
ence under  running  conditions.  The  power  factor  on  high  speed 
is  greater  with  small  currents  than  with  heavy  currents,  as  the 
inductive  e.m.f.  of  the  field  is  less. 
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The  alternating-current  series  motor  serves  as  a  very  inter- 
esting illustration  of  the  fact,  true  of  all  motors,  that  certain 
losses  are  supplied  directly  from  the  electrical  energy  and  others, 
indirectly,  by  the  mechanical  energy  produced  by  the  motor. 
The  chart,  Fig.  6,  shows  this  more  concretely,  distinguishing 
these  two  classes  of  losses  in  the  alternating-current  motor. 


THE  ELECTRIC  CLUB  JOURNAL 


17 


THE  ELECTRIC  CLUB 

AN     ACCOUNT     OF     ITS     ORGANIZATION     AND     OF     ITS     SOCIAL     AND 
TECHNICAL    DEPARTMENTS 

By  H.    W.   Peck,   President  of  The  Electric  Club 

In  the  works  of  the  Westinghouse  Electric  &  Manufacturing 
Company  at  East  Pittsburg,  where  three  years  ago  six  thousand 
men  were  employed  in  the  manufacture  of  electrical  machinery 
and  apparatus,  there  were,  perhaps  fifty  apprentices  work- 
ing in  the  various  departments.  Most  of  them  had  com- 
pleted a  high  school  course  in  their  education,  some  had 
attended  technical  schools  or  colleges,  and  a  few  had  received 
engineering  degrees  from  universities  of  high  standing.  The 
conditions  of  service  of  these  apprentices,  their  object  in  view, 
and  their  aims  were  quite  different;  they  were,  however,  banded 
together  by  many  common  interests,  the  chief  being  that  they 
were  working  students. 


THE    READING    ROOM 

During  the  winter  of  1900-01  a  course  of  lectures  covering  a 
wide  scope  of  engineering  subjects  was  given  by  the  engineers  of 
the  Electric  Company,  for  the  benefit  of  the  apprentices,  the 
foremen,  the  inspectors,  and  the  testers.  The  lectures  were 
prepared  in  accordance  with  the  engineer's  opinion  regarding  the 
composite  intelligence  and  experience  of  this  audience.  The 
lectures  were  given  twice  a  week  in  an  office-room  at  East  Pitts- 
burg.     In  spite  of  the   fact  that  most  of  the  men  lived  in  Wil- 
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kinsburg,  six  miles  away,  and  had  barely  time  to  go  home,  eat 
dinner,  dress  cleanly  and  return  to  the  Works  between  the  times 
of  quitting  work  and  beginning  of  the  lectures,  the  success  of  the 
course  was  indicated  by  the  very  large  and  regular  attendance. 
During  the  following  spring  a  certain  number  of  the  apprentices 
started  a  systematic  inspection  of  the  large  power  houses  and 
industrial  establishments  about  Pittsburg.  In  the  summer  this 
matter  was  taken  up  in  a  larger  way  for  the  benefit  of  all  of  the 
apprentices,  and  excursions  were  arranged  to  these  places  on 
many  evenings,  Saturday  afternoons,  and  holidays.  Occasionally 
these  same  men  met  together  in  the  city  simply  for  a  good  time, 
and  to  forget  work  in  play,  for  they  felt  the  need  of  recreation 
and  had  but  little  opportunity  for  it.  It  was  the  knowledge  of 
these  things  that  brought  forth  the  idea  of  securing,  convenientl}^ 
located  in  Wilkinsburg,  a  hall  in  which  could  be  given  during 
the  following  season  a  course  of  lectures  similar  to  that  of  the 
previous  year.  But  the  idea  once  formed  showed  itself  proto- 
plasmic and  grew  rapidly. 

There  was  constant  and  increasing  need  in  the  commercial, 
engineering  and  production  departments  of  the  Electric  Com- 
pany for  young  men  who  had  received  both  theoretical  and  prac- 
tical training.  The  time  might  soon  come  when  the  majority  of 
the  apprentices  would  be  college  men  not  training  to  run  a  lathe 
or  a  milling  machine  or  to  do  commercial  testing,  but  studying 
modern  methods  of  manufacture  and  the  details  of  the  construc- 
tion and  operation  of  electrical  machiner3^  The  idea  grew,  it 
grew  until  The  Electric  Club  was  formed,  and  still  it  is  growing. 

Two  hundred  apprentices,  many  of  them  graduates  of  tech- 
nical schools  and  colleges,  sufficiently  in  earnest  and  with  such 
interest  in  engineering  as  to  spend  two  years  working  hard  in  the 
shops  to  learn  the  industrial  part  of  their  profession;  several 
hundred  other  men,  draftsmen  of  more  or  less  experience  with 
this  and  other  companies,  engineers  of  experience  ranking  in 
their  specialties  among  the  foremost;  young  men  in  the  commer- 
cial and  production  departments,  handling  the  same  apparatus  on 
paper  and  in  manufacture;  where  could  be  found  better  condi- 
tions for  the  formation  of  a  club,  a  serious  club,  composed  of 
active  members.'* 

Club  rooms  were  secured  by  the  promoters  and  an  invitation 
was  sent  to  all  of  the  apprentices  and  engineers  of  the  Electric 
Company  to  attend  a  general  meeting  at  which  the  organization 
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of  a  club  would  be  effected.  One  hundred  and  fifty  responded 
and  organized  on  March  19th,  1902,  The  Electric  Club, 
adopted  a  constitution,  and  elected  members.  The  purpose  of 
the  Club  is  broadly  stated  to  be  "for  social  recreation,  mutual 
benefit  and  improvement,  and  more  particularly  for  the  dissemi- 
nation of  electrical  and  engineering  knowledge  among  its  mem- 
bers." The  government  is  vested  in  aboard  of  nine  directors, 
chosen  from  different  departments.  Members  of  the  board  of 
directors  are  elected  to  the  official  positions  of  President,  Vice- 
President,  Secretary,  and  Treasurer.  The  membership  is  limited 
to  employes  of  the  Westinghouse  Companies.  General  com- 
mittees are  appointed  by  the  board  to  take  charge  of  the  various 
activities  of  the  Club.  The  duties  of  the  House,  the  Lecture, 
the  Library,  the  Reception,  the  Athletic,  and  the  Publication 
Committees  are  the  same  as  usually  pertain  to  such  committees. 


A    MEETING    ROOM 

The  Section  Committee  arranges  the  organization  of  those  mem- 
bers who  wish  to  undertake  the  study  of  any  certain  line  of 
engineering.  These  organizations  are  termed  sections.  The 
Excursion  Committee  provides  information  regarding  industrial 
establishments,  power  houses  and  other  places  of  interest  and, 
when  passes  are  necessary,  secures  them  for  members  desiring  to 
visit  these  places. 

The  Club  has  been  a  success  from  the  start,  continually 
learning  to  adapt  itself  for  further  advantage  to  its  members, 
learning  by  the  experience  of  one  season  to  be  more  efficient  the 
next,  and  growing  rapidly  in  numbers.  There  are  now  enrolled 
over  five  hundred  members,  representing  the  Westinghouse  Elec- 
tric &  Manufacturing  Co.,  the  Westinghouse  Machine  Co.,  the 
Westinghouse  Air  Brake  Co.,  the  Union  Switch  &  Signal  Co., 
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the  Nernst  Lamp  Co.,  the  Westinghouse  Foundries  Co.;  repre- 
senting seventy-two  colleges  and  technical  schools,  many  coun- 
tries, and  experience  of  most  varied  scope. 

The  club  rooms  occupy  the  entire  second  floor  and  part  of 
the  third  floor  of  the  Hamnett  Building,  735-737  Penn  Ave., 
Wilkinsburg,  a  location  on  the  outskirts  of  Pittsburg  convenient 
to  the  members,  most  of  whom  reside  in  Wilkinsburg.  Consid- 
erable work  was  done  upon  the  rooms  to  adapt  them  to  the  require- 
ments of  the  Club,  which  they  now  meet  admirably.  They  are 
furnished  comfortably  and  tastefully,  are  lighted  by  Nernst  lamps, 
and  the  walls  are  adorned  with  appropriate  pictures.  The  assem- 
bly hall,  with  balconies,  has  a  seating  capacity  of  about  three 
hundred.  Here  the  members  gather  once  or  twice  a  week  for 
lectures,  some  technical,  some  general.  Most  of  the  lecturers 
are  Pittsburg  men,  but  frequently  visitors  to  the  Company 
consent  to  spend  an  evening  at  the  Club,  where  they  talk  to  an 
unusually  homogeneous  and  interested  audience.  A  projection 
lantern  and  screen  are  available  whenever  the  lecturer  wishes  to 
illustrate  his  lecture,  and  when  desired  a  blackboard  can  be  used. 

Once  a  month  the  Pittsburg  Local  Branch  of  the  A.  I.  E.  E. 
meets  in  the  hall  and  the  club  members  are  invited  to  attend  and 
participate  in  their  valuable  and  interesting  meetings.  The  dis- 
cussions regarding  the  Institute  papers  are  usually  entered  into 
earnestly  and  much  additional  information  upon  the  subject- 
matter  is  given.  In  this  hall  also  the  members  satisfy  their 
lighter  interests  with  music,  exercise,  and  bi-weekly  entertain- 
ments and  dances.  The  reading  room  is  a  large,  well-lighted 
room,  furnished  with  more  attention  to  comfort  than  are  the 
other  rooms,  and  it  is  here  that  the  men  assemble  every  evening 
to  talk  and  smoke  socially  together,  to  occupy  a  Morris  chair 
with  an  interesting  magazine,  or  an  arm  chair  by  a  table  with  a 
technical  journal.  Here  they  pass  a  pleasant  hour  after  dinner, 
between  the  work  of  the  shop  and  the  work  of  the  section,  to 
enter  the  latter  with  keener  mind  and  greater  appreciation.  On 
file  here  are  nearly  all  the  technical  journals  and  in  the  book  case 
is  a  small  reference  library.  The  other  rooms  are  smaller  and  are 
equipped  with  tables  and  blackboards,  adapting  them  especially 
for  the  section  meetings.  From  fifteen  to  seventy  men  attend  to 
hear  the  presentation  of  a  particular  phase  of  the  subject,  often 
by  a  member  of  the  section,  and  then  to  question  and  discuss 
the  matter  together  under  the  guidance  of  the  leader  of  the  sec- 
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tion,  who  is  an  experienced  engineer  in  that  branch.  It  is  the 
work  of  these  sections  that  connects  the  theory  of  the  college 
with  the  "labor  and  material"  of  the  shop,  and  more  than  this: 
it  reviews,  broadens,  and  applies  the  theor}^  it  instructs  and 
explains  in  connection  with  the  design,  the  shop  work  and  the 
use,  points  which  the  workman  or  the  student  would  never 
observe.  Preparation  is  made  for  these  sections,  for  although 
there  is  no  school  discipline,  there  is  the  real  interest  and  appre- 
ciation of  the  section  work  which  keeps  it  in  the  mindsl  of  the 
men  during  their  shop  work  and  during  their  reading. 


THE    ASSEMBLY    HALL 


The  men  bring  to  these  meetings  considerable  experience, 
knowledge  obtained  in  college,  or  from  books  and  journals,  and 
inquiring  minds.  The  leaders  are  engineers  w^ho,  during  their 
several  years'  service  with  a  leading  electric  company,  have  had 
unsurpassed  opportunities  for  keeping  in  touch  with  the  foremost 
practice,  not  only  of  their  own  company,  but  of  other  companies 
and  engineers.  As  it  is  possible  for  a  club  member  to  attend  but 
few  of  the  many  sections,  the  extensive  work  done  for  each  has 
been  of  value  only  to  those  who  have  attended  that  section. 
Now,  however.  The  Electric  Club  Journal  will  publish  that 
which  is  best  and  newest  in  the  work  of  the  sections  and  thus 
preserve  it  in  convenient  form  for  many. 

The  general  excursions  arranged  by  the  committee  have 
proved  very  popular  and  the  best  attention  has  been  given  to  the 
members  by  the  establishments  visited.  Under  the  present 
regime    a  number   of  smaller    parties    have    been    organized  for 
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excursions,  and  the  club  members  appreciate  the  interest  and 
vahie  of  the  information  that  can  be  obtained  by  famiHarity  with 
the  industries  of  the  Pittsburg  district,  and  the  additional  facili- 
ties afforded  them  through  the  Club. 

Aside  from  the  "ladies'  nights"  in  the  hall,  whist,  chess,  check- 
ers, fencing,  boxing  and  an  orchestra  afford  indoor  entertainment 
and  recreation  for  those  so  inclined,  while  an  athletic  field  affords 
opportunity  for  baseball,  tennis  and  football  during  the  season 
of  outdoor  life. 

It  is  not  well,  physically,  intellectually,  or  morally  for  men 
to  be  alone.  Association  with  others  is  always  the  best  way  to 
bring  out  the  most  in  a  man,  to  effect  the  greatest  accomplish- 
ments from  each  one  and  from  all  together.  They  encourage 
each  other,  instigate  the  weaker  ones  to  greater  endeavor,  and 
create  a  mental  atmosphere  favorable  to  their  pursuits.  This  is 
the  well-known  principle  which  insures  the  success  of  a  club 
organized  under  such  favorable  conditions  as  The  Electric  Club. 
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THOMAS     CYPRIAN     FRENYEAR 

By   IV.   M.   McFarland 

That  the  leading  positions  in  the  electrical  industry  are  largely  filled 
by  young  men  is  forcibly  brought  to  mind  by  the  recent  death  of  Mr.  Thomas 
Cyprian  Frenyear,  Sales- Manager  of  the  Canadian  Westinghouse  Company, 
Limited,  which  occurred  at  Fort  William,  Canada,  December  10,  1903,  before 
he  had  attained  the  age  of  thirty-nine. 


Mr.  Frenyear  was  born  March  16, 
1865,  at  Middletown  Spa,  Vermont.  Like 
many  other  men  who  have  attained  posi- 
tions of  prominence,  he  was  the  son  of  a 
country  clergyman,  his  father,  the  Rev. 
C.  P.  Fren3^ear,  being  a  minister  of  the 
Baptist  Church.  Much  has  been  said  and 
written  of  the  advantages  of  adversit)% 
and  those  who  know  the  extremel}'  moderate  salary  of  the  aver- 
age countr}'  clerg3'man  can  appreciate  that  the  children  of  such  a 
family  are  certainly  not  handicapped  by  the  enervating  influence 
of  wealth  and  luxury.  We  often  hear  the  sneering  remark  that 
clergymen's  sons  are  noted  for  turning  out  badly,  but  Mr.  Fren- 
year was  one  of  the  numerous  cases  which  prove  that  this  sneer 
is  very  largel}^  without  foundation,  and  that  the  remark  is  really 
magnifying  the  exception  into  the  rule. 

From  an  earh'  age  Mr.  Frenyear  displayed  unusual  mental 
ability,  although  he  did  not,  go  to  school  until  the  age  of  ten,  re- 
ceiving his  instruction  at  home  from  his  mother  until  that  time. 
When  the  family  moved  to  Townsend,  Vermont,  he  entered 
Leland  and  Gray  Seminar}^  where  he  was  in  classes  with  boys  of 
sixteen  and  eighteen  years  of  age,  with  whom  he  more  than  held 
his  own,  thus  showing  remarkable  mental  development  in  one  so 
young.  His  schooling  continued  until  he  was  about  fifteen,  when 
he  entered  the  office  of  an  uncle,  Mr.  W.  R.  Nutting,  Manager  of 
the  Boston  Electric  Company.  Although  starting  thus  early  in  a 
business  career,  he  did  not  give  up  his  school  work,  but  entered 
the  Boston  Latin  School,  where  he  maintained  his  class  standing 
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by  devoting  all  his  spare  time  to  study.  From  the  Boston  Latin 
School  he  went  to  Phillips  Exeter  Academy,  where  he  graduated 
in  1885.  As  showing  his  grit  and  determination,  it  may  be  men- 
tioned that  he  supported  himself  while  at  Exeter  by  keeping  a 
book-store  for  the  students. 

Shortly  before  leaving  the  Academy  he  took  an  examination 
for  Harvard,  which  he  passed  with  credit,  and  he  entered  the 
University  in  the  autumn  of  1885.  At  this  time  he  was  engaged 
in  business  with  two  of  his  classmates,  with  an  office  in  Boston. 
He  found,  however,  that  it  was  impracticable  for  him  to  continue 
at  Harvard,  because  he  could  not  spare  the  time  to  go  back  and 
forth  from  his  office  to  recitations.  He  then  entered  Boston 
University;  but,  through  the  fault  of  one  of  his  partners,  their 
concern  was  wrecked,  and  he  was  obliged  to  leave  the  Universit}'. 

Probably  on  account  of  his  touch  with  electrical  affairs, 
through  the  work  in  his  uncle's  office  (already  mentioned),  he 
went  into  the  electrical  industry  and,  for  a  time,  was  a  salesman 
for  the  Thomson-Houston  Compan}^  and  the  Brush  Electric  Com- 
pany, with  headquarters  at  Buffalo.  He  left  that  company  to 
become  Superintendent  of  the  Cayadutta  Electric  Railway,  which 
position  he  held  from  1892  to  1895.  In  the  fall  of  1895  he  entered 
the  emplo}'  of  the  Westinghouse  Electric  &  Manufacturing 
Company. 

In  1897  he  was  made  Manager  of  the  Buffalo  office  of  the 
Westinghouse  Company,  where  he  displayed  marked  ability  and 
built  up  a  large  business.  The  location  of  his  office  and  inclusion 
of  a  large  amount  of  Canadian  territory  within  its  district  gave 
him  a  large  experience  in  Canadian  business,  so  that  he  was  well 
equipped  on  the  formation  of  the  Canadian  Westinghouse  Com- 
pany, Limited,  to  take  the  position  of  Sales-Manager,  to  which 
he  was  promoted.  He  entered  upon  this  work  with  enthusiasm, 
and  had  the  affairs  of  his  office  splendidly  organized  when  he  was 
stricken  down  with  typhoid  fever,  from  which  he  died  after  linger- 
ing a  few  weeks  at  Fort  William,  where  he  had  gone  on  business. 
His  whole  career  had  shown  him  to  be  a  man  of  great  ability  and 
strong  character,  and  there  can  be  no  doubt  that  a  most  promis- 
ing career  was  cut  short  by  his  untimely  death. 

The  religious  side  of  Mr,  Frenyear's  character  was  strongh' 
developed,  and  while  he  never  forced  his  views  upon  his  associ- 
ates, they  all  knew  his  convictions  and  respected  them.  He 
joined  the  church  at  the  early  age  of  eleven  years,   and  was 
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always  an  active  member.  While  in  Buffalo  he  was  a  deacon 
and  trustee  of  the  Delaware  Avenue  Baptist  Church,  and  was  at 
one  time  superintendent  of  its  Sunday  School.  He  was  also  a 
very  active  worker  in  the  Young  Men's  Christian  Association. 

Mr.  Frenyear  was  a  man  of  culture,  and  very  fond  of  the 
standard  classical  authors.  A  lecture  which  he  delivered  less 
than  a  year  ago  before  the  Electric  Club  at  Wilkinsburg,  Pa. ,  is 
notable  for  its  literary  excellence  and  the  wide  acquaintance  with 
the  great  writers  which  it  shows. 

In  June,  1893,  he  married  Miss  Emma  L.  Chase,  of  Exeter, 
the  daughter  of  a  Baptist  clergyman,  who  now  survives  him  with 
three  young  children,  one  of  whom  is  only  a  few  months  old. 

Mr.  Fren3xar  was  a  man  of  very  agreeable  personality, 
although  quiet  and  undemonstrative;  but  as  one  became 
acquainted  with  him  his  sterling  qualities  were  more  fully 
appreciated,  so  that  acquaintanceship  ripened  into  sincere 
regard.  His  death  came  as  a  shock  to  all  his  friends,  who  had 
rejoiced  in  the  wider  field  opened  to  him  by  his  new  position,  and 
were  counting  on  an  increased  reputation  for  him.  As  a  mark  of 
the  high  regard  in  which  he  was  held  by  the  Westinghouse  Elec- 
tric Company,  the  senior  Vice-President,  Mr.  Frank  H.  Taylor, 
issued  a  circular  letter,  appreciative  of  his  ability  and  zeal,  and 
expressing  the  sorrow  felt  at  his  death  and  the  deep  sympathy  of 
everybody  for  his  family. 
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FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY 

I,     INTRODUCTION:     ORGANIZATION,  WORK,  AND   EQUIPMENT 
OF  THE  TESTING    DEPARTMENT 

By  E.   R.    Cross  and  R.   E.    Workman 

ORGANIZATION 

The  position  which  the  testing  department  occupies  in  any 
works-system  is  an  important  one,  for  upon  its  efficiency  largely 
depends  the  quality  and  reputation  of  the  product  of  the  works; 
and  this  importance  of  the  testing  department  is  increased  in  the 
case  of  an  electrical  manufacturing  company  by  reason  of  the 
technical  ability  and  experience  required  of  its  men. 

The  two  important  functions  of  the  electrical  testing  depart- 
ment are:  first,  to  furnish  the  engineering  department  with 
information  regarding  the  operation  of  machines  so  that  the 
design  can  be  checked  with  the  actual  performance;  and  second, 
to  maintain,  in  the  company's  interest,  a  high  standard  of  work- 
manship and  material  in  the  factory.  These  two  functions  cor- 
respond roughly  with  the  two  classes  of  work  in  the  department — 
experimental  and  commercial — which  are  explained  more  fully  in 
a  subsequent  paragraph. 

The  testing  department  is  a  department  of  the  factory  and 
its  administration  is  ultimately  under  the  control  of  the  Manager 
of  Works;  its  work,  however,  is  directed  by  the  engineering 
department,  i.  e.,  the  engineer  specifies  the  tests  to  be  made  and 
the  results,  in  the  case  of  first  machines  of  a  new  type,  special 
machines,  and  all  large  machines,  are  submitted  to  him  in  the 
form  of  curves,  his  approval  of  the  curves  being  necessary  before 
the  machines  can  be  "passed"  for  shipment.  These  curves  are 
systematically  filed  for  future  reference,  so  that,  in  the  case  of 
duplicate  machines  of  small  size,  the  results  of  tests  have  simply 
to  be  compared  with  those  of  the  first  machine  of  its  type,  and, 
if  it  checks  sufficiently  well,  the  machine  is  passed  without  refer- 
ence to  the  engineer.  The  engineer,  however,  having  passed  the 
curves  on  the  first  machine  of  the  type,  is  indirectly  responsible 
for    the  satisfactor}'    performance    of  duplicate  machines    after 
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they  have  been  passed  for  shipment.  A  general  foreman  is 
directly  in  charge  of  the  administration  of  the  department,  and 
is  responsible  for  the  accuracy  of  all  testing  work.  The  working 
up  of  tests  is  entirely  separate  from  the  actual  work  of  testing,  and 
is  done  by  different  men.  The  testing  floor  is  in  charge  of  an  assist- 
ant general  foreman  and,  under  him,  of  three  foremen,  each  fore- 
man having  charge  of  a  section  of  the  department.  Under  the  fore- 
men are  testers  who  are  responsible  for  individual  tests  and  who 
have  assistants  to  help  in  the  necessary  work.  The  calculating 
office  is  in  charge  of  a  chief  who  has  under  him  men  to  do  the 
required  calculating  and  plotting  of  curves.  Practically  all  of 
the  men.  in  the  calculating  office,  most  of  the  assistant  testers, 
and  a  few  of  the  testers  are  engineering  apprentices. 

CHARACTER    OF    WORK   OF   THE    DEPARTMENT 

The  work  done  by  the  testing  department  may  be  classified 
under  two  general  heads:  experimental  and  commercial. 

(a)  Experimental  Testing — This  includes  the  work  on 
all  new  or  proposed  designs  of  apparatus,  on  which  it  is  desired 
to  obtain  information  regarding  operation  under  test  and  to  prove 
or  determine  correctness  in  design.  The  tests  commonly  made 
for  this  purpose  are  summarized  in  Table  I. 

TABLE  I.     EXPERIMENTAL  TESTS. 


DETERMINED    BY 

TEST    REQUIRED. 

REMARKS. 

Rating. 

(1)  Heating. 

(  Voltage. 

(2)  Drop  in -j' 

(  Speed. 

(3)  Commutation. 

(1)  Temperature  Test 

(  e.m.f. 

(2)  Reg'l't'ns-^ 

(  Speed. 

(3)  CommutationTest 

These  tests  are  made 
on    all  machines — 
D.  C.  and  A.  C. 

(.3)     On    D.    C.    ma- 
chines only. 

Efficienc}-. 

(1)  Direct    relation 
between  output  and 
input. 

(2)  Magnitude     of 
losses. 

(a)  Copper  loss. 

(b)  Iron  loss. 

(c)  Friction  losses. 

(1)  Brake  Test. 

(2)  Loss  Tests, 

(a)  Resistances. 

(b)  Iron  loss  and  sat- 
uration. 

(c)  Friction  Test. 

(1)  This  test  is  made 
onlv  on  motors,  A. 
C.  and  D.  C. 

(2)  Made  on  all  ma- 
chines. 

Insulation. 

Resistance  to  break- 
down at  high  A.  C. 
voltage. 

Puncture  test. 

Made  on  all  machines. 
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The  meaning  of  the  table  may  be  explained  by  following 
through  one  of  the  items;  thus,  rating  is  determined,  among 
other  things,  by  drop  in  voltage  in  a  generator,  or  drop  in 
SPEED  in  a  motor.  For  their  determination,  the  tests  required 
are  e.m.f.  regulation  and  speed  regulation,  respectively. 
These  regulation  tests  are  made  on  all  machines,  both  alternat- 
ing and  direct-current.  The  table  will  be  found  to  cover  the 
range  of  tests  commonly  made. 

Mechanical  considerations  also  play  a  prominent  part  in  the 
successful  operation  of  a  machine,  particularly  as  defects  of  this 
kind  may  be  so  inconspicuous  as  to  escape  ordinary  notice  until 
the  machine  is  put  in  operation.  Features  of  mechanical  design 
are  generally  standard  for  machines  of  a  given  type,  the  main 
consideration  being  that  the  structure  shall  readily  accommo- 
date the  windings,  provide  the  necessary  means  for  effective 
lubrication,  and  have  the  bearings  properly  proportioned  for  sup- 
porting the  pressure  of  the  rotating  part.  The  finished  machine 
should  also,  in  addition  to  doing  its  work,  present  a  pleasing 
appearance  to  the  eye,  a  point  not  to  be  lost  sight  of  in  the 
midst  of  the  purely  useful  details  of  construction.  Above  all, 
the  apparatus  should  have  sufficient  strength,  mechanical  as  well 
as  electrical,  to  withstand  the  various  stresses  to  which  it  may 
be  subjected  in  the  course  of  actual  service.  Most  mechanical 
defects  will  show  up  in  tests  made  primarily  to  prove  the  elec- 
trical design,  as  outlined  in  Table  I.  Others  can  be  detected  only 
b}^  long-continued  operation  of  the  machine  under  actual  service 
conditions.  For  these  reasons  specific  tests  for  detecting 
mechanical  defects  in  new  designs  are  not  usually  made. 

(b)  Commercial  Testing — This  includes  the  work  on  all 
machines  which  duplicate  previous  designs,  and  its  purpose  is,, 
simply,  to  prove  correct  manufacture.  With  the  complete  series 
of  curves  and  records  of  tests  which  have  been  made  on  the  first 
machine  of  all  designs,  it  is  an  easy  matter  of  reference  to  check 
any  detail  of  performance  desired,  and  tell  whether  any  particu- 
lar machine  of  old  design  is  "up  to  standard"  or  not. 

Correct  manufacture,  the  maintenance  of  which  is  the  object 
of  commercial  testing,  involves  the  absence  of  the  defects  sum- 
marized in  Table  II. 


TABLE  II.  DEFECTS  IN  MANUFACTURE. 


CLASS  OF 
DEFECT 


DEFECT  IN 


Defective 
Material. 


Insulation. 


TEST  TO  DETER- 
MINE DEFECT 


DEFECT  SHOWN  BY 


(a)  Iron-loss.  (a)  Excessive    iron-loss    at 

I     normal  excitation. 

(b)  Temperature     (b)   Excessive   temperature 
Test.  of  iron. 


Puncture  Test. 


Breakdown  of  insulation. 


Assembling  core. 


Insulating  coils. 


Spacing    poles    or 
spacing  brushes. 


Defective 

Workman- 

sTiip. 


Defective 
Assem- 
bling. 


Size  of  air-gap. 


Short     circuit     in 
armature. 


(a)  Iron-loss. 


(b)  Temperature 
Test. 


(a)  Excessive  iron-loss  due 
to  poor  insulation  between 
laminations. 

Humming    due    to    loose 
assembling. 

(b)  Excessive  temperature 
of  iron. 

Humming. 


Puncture  Test. 


(a)  Saturation. 

(b)  Temperature 
Test. 

(c)  Iron-loss. 


(a)  Saturation. 

(b)  Temperature 
Test. 


(a)  Saturation. 

(b)  Temperature 
Test. 


Break-down  of  insulation. 


(a)  (b)  Persistent  spark- 
ing of  brushes  not  in  cor- 
rect position.  Not  reme- 
died by  shifting  brushes. 

(c)  Excessive  loss  in 
brushes  due  to  wrong  po- 
sition. 


Wrong      speed     or     e.m.f. 
(motor  or  generator). 


j  Local  heating  in  short-cir- 
cuited coils. 


Open    circuit    in  (a)  Regulation, 
armature.  (b)  Temperature 

Test. 


Bearings. 


Balance. 


Wrong  armature. 


Any  running  test. 


Any  running  test. 


(a)  Saturation. 

(b)  Temperature 
Test. 

(c)  Resistance. 


Wrong  lield  coils,    (a)  Saturation. 

(b)  Temperature 
,     Test. 

(c)  Resistance. 


Flashing  at  all  of  the 
brushes  successively  as 
open  circuit  passes  under 
brush. 


Excessive  heating. 


Vibration. 


(a)  (b)  Wrong   speed    or 

e.m.f. 
(c)   High   or  low   armature 

resistance. 


(a)  (b)  Wrong  speed  or 
e.m.f. 

(c)  High  or  low  field  resist- 
ance. 


Reversed  field  coil,  (a)  Saturation. 

(b)  Temperature 
Test. 

(c)  Polarity. 


(a)  (b)  Wrong    speed    or 
e.m.f. 

(c)  Not  alternate  N.  and  S. 


THE  ELECTRIC  CLUB  JOURNAL  31 

From  this  table  it  is  seen  that  all  defects  in  manufacture 
(except  in  insulation)  will  show  up  in  the  temperature  test. 
Further  tests,  however,  may  be  necessary  for  their  complete 
identification.  Accordingl}',  the  commercial  test  for  small 
machines  is  a  temperature  test,  which  includes  voltage  or  speed 
regulation,  followed  immediatel}^  by  an  insulation  test.  With 
larger  machines  the  temperature  test  may  be  replaced  or  supple- 
mented by  other  tests  given  in  the  table. 

EQUIPMENT    OF    TESTING    DEPARTMENT 

Power  Supply — The  power  available  in  the  testing  depart- 
ment must  be  of  sufficient  range  in  voltage  for  direct  current, 
and  in  frequency  for  alternating  current  to  cover  the  voltages 
and  frequencies  of  the  motors,  and  other  apparatus  requiring 
electrical  power^  that  come  to  the  department  for  test.  The 
equipment  of  the  department  includes  the  following  sources  of 
power: 

Direct-Current. 

(1)  500-volt,  direct  from  power-house. 

(2)  220-volt,  from  220-volt  rotary  converter  driven  by  3000 
alternation  alternating  current  from  power-house. 

(3)  110-volt,  from  110-volt  generator  coupled  to  induction 
motor  which  is  driven  by  3(W0-alternation  alternating  current  from 
power-house. 

In  the  different  sections  of  tlie  department  there  are  smaller 
direct-current  machines  which  may  be  used  as  boosters  for  volt- 
age regulation  or  as  sources  of  power  for  tests  of  small  machines. 

Alternating-Current. 

There  are  three  sources  of  alternating  current. 

(1)     Power-house,  two-phase,  3000-alternation. 

C^)  400-kw  alternating-current  generator  two  or  three- 
phase,  any  frequency  up  to  8000  alternations,  driven  by  500-volt 
direct-current  motor. 

(3)  180-kw  alternating-current  generator,  two-phase,  7200 
alternations,  driven  by  500-volt  direct-current  motor. 

Three-phase  power  is  obtained  from  two-phase  by  trans- 
formers and  single-phase  from  one  phase  of  the  two-phase. 

Different  voltages  are  obtained  by  transformers,  by  means  of 
taps  in  their  secondaries  as  well  as  by  different  arrangements  of 
connections. 

Power  Distribution — -Power  is  distributed  from  the  various 
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generators  to  terminals  convenient!}'  located  throughout  the 
department.  In  the  main  aisle,  where  the  large  work  is  done, 
these  terminals  are  located  in  pits,  the  necessar}'  cables  being 
carried  through  subways.  For  the  smaller  work  the  wiring  is 
carried  overhead  and  the  terminals  are  located  just  beneath  the 
controlling  switchboards.  In  the  case  of  the  500-volt  direct- 
current  terminals  connected  directly  with  the  power-house  each 
set  is  controlled  by  a  switchboard  panel  containing  positive  and 
negative  line  switches,  an  am.meter  and  circuit-breaker,  a  field 
rheostat  and  terminals  for  connecting  in  a  motor-starting  rheo- 
stat. The  terminals  for  the  220-volt  and  110-volt  circuits  are  all 
controlled  from  a  central  distributing  switchboard,  each  set  of 
terminals  having  simply  a  double-pole  line  switch.  The  circuit- 
breakers  and  ammeters  are  located  on  the  generator  switchboard 
in  the  department.  Circuit-breakers  are  also  provided  on  the 
testing  tables,  the  controlling  idea  being  to  prevent  troubles  that 
develop  in  the  testing  circuits  from  affecting  circuits  outside  of 
the  department. 

Alternating-current  power  is  distributed  from  a  power-board 
containing  the  400-kw  generator  line  and  field  switches,  and  the 
necessary  feeder  or  "relay"  switches.  The  180-kw  generator  may 
be  connected  with  the  power-board  by  means  of  either  of  two 
relays,  a  high-tension  and  a  low-tension,  either  directly  or 
through  transformers.  Power  from  the  alternating-current  shop 
circuit  comes  to  the  department  through  a  panel  on  the  power- 
board  containing  circuit-breakers,  line  switches  and  relay 
switches,  by  means  of  which  it  is  connected  to  the  distributing 
system.  From  the  power-board  each  of  these  three  sources  of 
power  may  be  connected  to  a  relay  board,  whence,  by  a  ccyivenient 
arrangement  of  s%yitches,  it  may  be  relayed  to  the  various  pits  in 
the  main  aisle. 

Testing  tables  containing  the  necessary  switches  and  term- 
inals for  the  instruments  are  universal!}'  used.  In  the  larger 
work  these  tables  are  portable  and  are  carried  to  the  machine  to 
be  tested  by  the  cranes.  They  are  then  wired  up  to  the  machine 
and  to  the  proper  pit  for  the  test  to  be  made.  In  the  small 
work  the  tables  are  stationary  and  the  machine  under  test  is 
brought  to  the  table. 

Measuring  Instruments — It  is  not  intended  to  give  a 
description  of  the  various  instruments  used  in  the  testing  depart- 
ment—  they  are  all  well-known  standard  instruments,  and  their 
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construction  is  illustrated  in  the  elementar}^  text-books.  Atten- 
tion will  be  confined  to  matters  affecting  their  use. 

Direct-Current  Ammeters— Ammeters  are  always  pro- 
vided with  a  short-circuiting  switch  which  is  part  of  the  perma- 
nent connections  of  the  testing  table.  This  switch  is  closed 
except  when  the  ammeter  is  being  read.  Its  use  enables  the 
instrument  to  be  put  in  and  taken  out  of  the  circuit  with  the  cur- 
rent flowing,  and  prevents  the  instrument  from  heating  up  if  it 
is  left  in  circuit  during  a  long  temperature  run. 

Direct-Current  Voltmeters — Voltmeters  are  usually  con- 
nected in  the  circuits  by  means  of  leads  provided  with  metal 
points  at  one  end.  Too  much  care  cannot  be  exercised  in  the 
use  of  voltmeters,  especiall}^  in  the  case  of  those  with  low-read- 
ing scales.  When  using  voltmeters  with  high  and  low  scales 
for  small  drops,  it  is  ahvays  best  to  try  the  high  scale  first,  and 
then  if  the  reading  is  within  the  range  of  the  low  scale,  to  change 
over  to  the  low  scale. 

The  range  of  direct-current  voltmeters  may  be  increased  by 
adding  resistances  to  the  voltmeter  circuit  having  known  rela- 
tions to  the  voltmeter  resistance.  The  addition  of  resistance 
will  decrease  the  current  in  the  voltmeter  circuit,  and  therefore 
the  voltmeter  reading,  in  the  ratio  of  the  voltmeter  resistance  to 
the  sum  of  the  voltmeter  resistance  and  the  added  resistance. 
This  follows  directly  from  Ohm's  Law. 

No  instrument  measuring  either  current  or  voltage  in  direct- 
current  circuits  should  be  placed  nearer  a  field  magnet  than  five 
feet,  and  should  be  kept  away  from  all  cables  carrying  large 
direct  currents.  In  the  case  of  instruments  of  the  permanent 
magnet  tN'pe,  not  only  is  the  reading  affected  by  the  stray  field, 
but  the  calibration  of  the  instrument  ma}^  be  permanently  altered, 
due  to  a  change  in  the  strength  of  the  magnet.  In  the  case  of 
instruments  of  the  dynamometer  type,  the  reading  is  much  more 
largely  affected,  bi^it  the  instrument  is  not  permanently  injured. 
If  great  accuracy  is  desired  or  in  cases  where  stray  fields  are 
strong  and  unavoidable,  in  measuring  current  in  direct-current 
circuits  b3'  means  of  instruments  of  the  dynamometer  type,  the 
effect  of  stray  fields  may  be  eliminated  by  taking  the  mean  of 
two  readings,  read  before  and  after  reversing  the  leads  to  the 
instrument. 

Alternating-Current  Voltmeters — Alternating-current  volt- 
meters   are  used  in  exactly    the    same     way    as     direct-current 
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voltmeters.  Resistance  multipliers  used  with  alternating"  cur- 
rents must,  of  course,  be  very  nearh*  non-inductive.  It  must 
also  be  remembered  that,  though  the  inductance  of  these  multi- 
pliers be  but  small,  the  presence  of  stray  fields  of  the  same 
periodicity  as  that  of  the  circuit  may  produce  quite  an  apprecia- 
ble inductive  "drop"  in  their  length.  There  is  a  certain  amount 
of  self-induction  in  the  voltmeter  coil;  this  will  have  no  appre- 
ciable effect  on  the  accuracy  except  on  high  frecjuency  with  low- 
reading  instruments,  in  which  the  non-inductive  resistance  is 
necessarily  small.  Transformers  supply  an  accurate  and  con- 
venient means  for  extending  the  range  of  the  voltmeter  providing 
the  transformer  is  operating  under  conditions  approximating 
those  for  which  it  was  designed.  A  transformer  designed  for 
200  volts  maximum  will  not  be  ver}^  accurate  on  5  or  10  volts 
maximum;  or  a  7200-alternation  transformer  will  not  be  satis- 
factory on  2000  alternations.  It  is  usually  a  simple  matter  to 
roughly  check  the  ratio  of  2  to  1  or  4  to  1  transformers  by  suc- 
cessive readings  with  and  without  the  transformer;  this  should 
be  done  if  there  is  any  doubt  about  the  correctness  of  the  ratio. 
Dynamometers — Current  dynamometers  are  used  in  the 
testing  department  of  the  Electric  Company  to  the  almost  entire 
exclusion  of  other  forms  of  alternating-current  ammeters.  The 
advantages  of  the  dynamometer  t3'pe  are  : 

(1)  It  may  be  used  as  accurately  with  direct  current  as  w4th 
alternating  current,  if  care  be  taken,  in  both  cases,  to  eliminate 
the  effects  of  stray  fields  b}^  taking  the  mean  of  two  readings, 
read  before  and  after  reversing  the  leads  to  the  instrument. 

(2)  It  is  practically  independent  of  frequency  and  wave 
form. 

(3)  It  has  an  independent  division  of  scale. 

(4)  It  has  a  simple  and  open  construction. 

The  disadvantages  of  an  instrument  of  this  type  are: 

(1)  The  torque  is  very  small  compared  with  the  weight  of 
the  moving  element.  This  means  that  a  much  weaker  spring  has 
to  be  used  than  in  other  types  of  alternating-current  ammeters, 
introducing  greater  errors  from  friction,  and  impairing  the 
permanency  of  the  calibration. 

(2)  It  is  not  direct  reading,  the  current  being  obtained  by 
the  equation  I^k  0  d ;  where  /'  is  the  constant  of  the  instrument, 
determined  by  calibration  and  d  the  deflection. 

In   using  dynamometers,  or  in  fact  any   alternating-current 
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instrument,  it  should  be  remembered  that  the  accuracy  is  affected 
by  stray  fields  of  the  same  frequency  as  that  of  the  current 
measured.  Stray  fields  are  often  due  to  currents  in  the  main 
cables,  especially  if  the  cable  is  resting  on  an  iron  bedplate. 
The  presence  of  stray  fields  can  be  detected  by  taking  a  check 
reading  with  the  dynamometer  turned  through  180  degrees,  or 
with  the  leads  reversed. 

Indicating  Wattmeters — The  Weston  indicating  wattmeter 
is  merely  a  watt-dynamometer.  Instead  of  having  coils  in 
series,  as  in  the  current-dynamometer,  there  is  one  series  coil  and 
one  shunt  coil. 

It  may  be  proved  that  the  torque  on  the  moving  coil  of  the 
wattmeter  is  proportional  to  the  product  of  the  effective  values 
of  current  and  voltage  and  the  cosine  of  the  angle  of  lag  of  the 
current  behind  the  voltage.  This  quantity  is  the  actual  power 
expended  in  the  patt  of  the  circuit  across  which  the  voltage  coil 
is  connected.  If,  as  in  direct-current  circuits,  a  reading  be  taken 
with  an  ammeter  and  one  with  a  voltmeter,  the  product  of  the 
resulting  quantity  will  be  proportional,  simply,  to  the  product  of 
the  effective  values  of  current  and  voltage,  which  is  not  the  true 
power.  In  the  use  of  the  wattmeter  there  is  an  additional  factor 
that  affects  its  accuracy:  the  phase  relations  in  the  instrument. 
The  relation  between  the  phases  of  the  currents  in  the  series 
and  in  the  shunt  coils  must  be  the  same  as  that  between  the 
phases  of  the  current  and  the  terminal  voltage  of  the  part  of  the 
circuit  whose  power  is  being  measured.  This  phase  relation  in 
the  wattmeter  circuits  may  be  changed  from  that  in  the  outside 
circuit  in  two  ways: 

U)     By  the  inductance  in  the  shunt  coil  of  the  wattmeter; 

(2)  By  a  change  in  the  phase  of  either  series  or  shunt  cur- 
rents, owing  to  the  use  of  instrument  transformers. 

The  former  cause  being  inherent  to  the  instrument  itself  and 
usually  negligible,  does  not  concern  us.  In  regard  to  the  latter, 
there  is  always  a  difference  in  phase  between  primary  and  second- 
ary currents  and  voltages  in  series  and  shunt  transformers,  respec- 
tively, and,  unless  these  differences  are  known  to  be  small,  a 
considerable  error  may  be  introduced  in  the  wattmeter  reading. 
This  cause  of  error  is  more  often  present  in  a  testing  department 
than  in  a  power-house,  where  the  circuits  are  permanent  and  the 
instrument  transformers  are  designed  for  definite  service.  Trans- 
formers are   designed    for  a  certain   degree  of  accurac}',  both  in 
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phase  position  and  in  ratio,  only  within  a  certain  range  of  load 
and  for  a  certain  frequency.  When  used  for  greater  or  smaller 
loads,  or  with  smaller  frequencies,  considerable  error  may  be 
introduced.  Therefore  the  frequency  and  percent  load,  as  well 
as  the  ratio,  should  be  considered  in  selecting  a  transformer  for  a 
particular  test. 


Fig.  2 


This  difference  in  phase  relation  between  the  outside  circuit 
and  the  wattmeter  circuit  is  of  much  more  importance  with  low 
power-factor  than  with  high.  The  reason  for  this  is  plainly  shown 
by  the  diagram  (Fig.  2).  O  I  represents  the  current  and  O  H 
and  O  F  represent  the  positions  of  the  voltage  in  the  outside  cir- 
cuit for  a  high  and  low  power-factor.  O  G  and  O  E  represent 
the  positions  of  the  current  in  the  shunt  coil  of  the  wattmeter 
corresponding  with  the  voltages  O  H  and  O  F.  These  currents 
lag  behind  the  voltage  by  the  same  angle  $.  It  is  plain  that  this 
angle  has  much  more  influence  on  the  measured  power  (propor- 
tional to  the  projections  of  O  G  and  O  E  on  O  I)  with  a  low 
power-factor  than  with  a  high  power-factor.  It  is  also  seen  that 
the  measured  power  (O  I  x  O  A)  is  greater  than  the  true  power 
(O  I  X  O  B) ;  that  is,  the  wattmeter  reads  high  on  low  power- 
factor. 
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THE  NEW   EAST  SHOP  OF  THE  WESTINGHOUSE 
ELECTRIC  &  MANUFACTURING  COMPANY 

By  C.  C.   Tyler,  Siipcriiitciideiit 

The  writer  was  recenth'  requested  to  prepare  an  article  giv- 
ing an  outline  of  the  plan  for  utilizing  the  floor  space  of  the  New 
East  Shop,  and  has  consented  to  undertake  it,  believing  the  sub- 
ject to  be  of  interest  to  the  readers  of  The  Electric  Club 
Journal. 

It  is  said  to  be  the  -largest  single  building  ever  erected  for 
manufacturing  purposes,  and  as  a  complete  description  of  it, 
together  with  photographs  and  plans,  will  probably  be  published 
in  some  of  the  technical  trade  papers,  a  brief  statement  covering 
its  principal  dimensions  must  suffice  for  this  article. 

The  total  length  of  the  building  is  1,658  feet;  it  has  a  width 
of  230  feet  for  a  length  of  1,082  feet  from  the  south  wall;  a  width 
of  190  feet  for  a  length  of  423  feet,  and  a  width  of  150  feet  for  the 
remaining  144  feet  of  length — the  reduction  in  width  affecting  the 
ground  and  gallery  floors  of  the  east  aisle  only.  The  east  end 
wall  of  the  casting  store-house  is  joined  to  the  east  shop,  making 
a  continuous  east  wall,  having  a  total  length  of  1,868  feet,  or 
more  than  one-third  of  a  mile. 

In  general  plan  the  design  of  this  building  closely  follows 
that  of  the  original  main  machine  shop,  there  being  a  central 
aisle,  constituting  a  high  bay,  and  two  side  aisles,  each  having  a 
ground  and  gallery  floor.  The  central  ba}'  is  70  feet  wide,  and  is 
unobstructed  for  its  entire  length  of  1,658  feet,  except  for  a  draw- 
bridge 33  feet  wide,  approximately  in  line  with  the  present  draw- 
bridge in  Section  D.  The  ground  and  gallery  floors  of  the  east 
side  aisle  are  80  feet  wide  for  1,082  feet,  and  are  40  feet  wide  for 
432  feet — both  unobstructed  by  partitions.  The  ground  and  gal- 
lery floors  of  the  west  side  aisles  are  80  feet  wide  for  the  entire 
length  of  1,658  feet;  both  of  these  floors  are  obstructed  by  the 
partition  walls  enclosing  the  power-house,  to  which  reference 
will  be  made  later. 

The  East  Shop  is  connected  with  the  older  buildings  by 
seven  bridges.     The  two  bridges  north  of  the  power-house  are  16 
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feet  wide.  The  two  bridges  connecting  the  two  power-houses 
are  6  feet  and  8  feet  wide;  one  of  these  carrying  steam  pipes  and 
the  other  a  coal  conveyor.  The  two  bridges  next  south  of  the 
power-house  are  32  feet  wide,  and  the  bridge  at  the  south  end  of 
the  building,  is  64  feet  wide  and  has  two  floors.  All  of  the  bridges, 
except  the  power-house  bridges  (which  are  higher),  connect  the 
shops  on  a  level  with  the  gallery  floor,  thereby  permitting  the 
passage  of  inter-works  and  freight  trains  without  interference. 

The  main  entrances  to  the  East  Shop  are  at  the  south  end  in 
the  center  of  the  building,  on  the  ground  and  gallery  floor  levels. 
For  a  distance  of  48  feet,  each  side  of  the  entrances,  and  upon 
both  floors  of  the  south  bridge,  are  located  a  number  of  offices, 
the  present  large  office  building  having  proved  inadequate  for  the 
requirements  of  the  business  of  the  Company.  There  are  three 
office  floors  over  the  entire  width  of  the  building  and  a  fourth 
floor  the  width  of  the  central  high  bay;  the  offices  being  finished 
in  a  style  corresponding  with  those  in  the  large  office  building. 
These  offices  have  been  allotted  to  various  departments  as 
follows : 

Ground  floor,  east.  Publishing  Department;  ground  floor, 
west,  Specification  Department;  first  or  mezzanine  floor,  east. 
Detail  Engineering  Department,  Office  Division;  first  floor,  west. 
Purchasing  Department;  second  or  gallery  floor,  east.  Superin- 
tendent's Office;  second  floor,  west.  Production  Department; 
third  floor,  center,  Engineer  of  Works'  Office;  south  bridge,  both 
floors,  Detail  Engineering  Department,  Drafting  Division. 

Following  the  practice  in  the  Main  Shop,  the  five  aisles  of 
the  East  Shop  will  be  known  as  Sections,  each  having  been 
assigned  a  characteristic  letter  in  this  order:  West  aisle,  ground 
floor.  Section  P;  center  aisle,  Section  R;  east  aisle,  ground  floor, 
Section  S;  east  aisle,  gallery  floor.  Section  T;  west  aisle,  gallery 
floor,  Section  W. 

The  increased  production  which  will  be  called  for  when  the 
East  Shop  is  in  operation  made  it  necessary  to  provide  for  large 
extensions  to  many  of  the  existing  departments  in  the  Main 
Shop,  and  in  the  allotment  of  space  in  the  East  Shop  much 
attention  was  given  to  caring  for  these  extensions  and  so  to  locate 
departments  that  the  transportation  of  materials  would  be 
reduced  to  minimum  distances.  The  cost  of  manufacturing  oper- 
ations was  the  paramount  issue;  the  cost  of  transportation  being 
next    in    importance    because    of    the    long   distances    between 
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departments  due  to  the  size  and  grouping  of  the  buildings. 

The  Hnes  of  manufacture  determined  upon  for  the  five  new 
sections  of  the  East  Shop  are  as  follows: 

Section  P.  South  of  the  power-house  division  wall,  this  sec- 
tion will  be  utilized  'for  the  manufacture  and  test  of  all  sizes  of 
O.  D.,  Type  N,  oil  insulated  and  air  cooled  transformers  and 
static  interrupters,  and,  until  the  space  is  needed  for  manufactur- 
ing purposes,  this  apparatus  will  be  prepared  for  shipment,  boxed 
and  stored  within  the  section — the  actual  loading  on  cars  being 
also  provided  for  at  the  south  end  of  the  section. 

The  transformer  testing  department  is  to  be  located  in  the 
space  south  of  the  power-house  for  the  entire  width  of  the  section 
by  192  feet  long  and  enclosed  by  brick  fire  walls  with  arched 
ceiling,  making  the  department  as  nearly  fireproof  as  possible. 

Within  the  walls  enclosing  the  transformer  testing  depart- 
ment, a  space  64  feet  by  80  feet  has  been  allotted  to  the  Elec- 
trical Engineering  Department  for  experimental  determinations. 
This  space  is  separated  from  the  Transformer  Testing  Depart- 
ment by  a  brick  wall  8  feet  high,  over  which  electric  traveling 
cranes  can  pass  to  make  the  necessary  lifts  of  apparatus.  A 
small  room  has  been  provided  in  this  space,  having  partition 
walls  extending  from  the  floor  to  the  ceiling,  in  which  experi- 
mental tests  may  be  made  upon  detail  apparatus  designed  for 
operation  upon  very  high  tension  lines. 

The  power-house  is  located  in  Section  P,  and  the  north  and 
south  brick  partition  walls  extend  up  to  the  roof  through  Section 
W.  The  east  side  wall  extends  from  the  ground  to  the  roof,  sep- 
arating the  power-house  from  Section  R;  the  whole  space  so 
enclosed  being  approximately  312  feet  by  80  feet.  The  engine 
and  generator  room  occupies  128  feet  by  80  feet;  the  boiler  room 
and  stack  room,  184  feet  by  48  feet.  The  boiler  room  is  sepa- 
rated from  the  engine  and  generator  room  by  a  brick  partition 
wall  extending  from  the  basement  up  to  the  roof,  and  there  is 
another  full  height  brick  partition  wall  on  the  east  side  of  the 
boiler  and  stack  rooms — there  being  no  gallery  floor  over  the 
boilers.  That  portion  of  the  roof  over  the  main  enclosure  of 
the  power-house  is  made  of  concrete  and  the  gallery  floor  within 
the  power-house  is  supported  by  heavy  steel  girders  and  brick 
arches.  A  description  of  the  power-house  equipment  will  prob- 
ably appear  in  a  later  issue  of  this  Journal. 

Between  the  east  wall  of  the  boiler  and  stack  rooms  and  the 
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east  wall  of  the  power-house,  separating  it  from  Section  R, 
approximately  184  feet  by  32  feet,  provision  has  been  made  for 
the  erection  of  12  towers  for  the  treatment  of  insulating  materials 
by  a  continuous  process — these  towers  being  considered  a  part  of 
the  extension  of  the  dipping  and  drying  department. 

The  space  north  of  the  power-house,  Section  P,  will  contain 
the  tinners',  pole  piece  and  cutting-off  departments. 

The  tinners'  department  will  continue  the  manufacture  of 
transformer  tanks,  field  coil  cases  and  other  sheet  metal  work  as 
heretofore,  and  the  decision  to  locate  this  department  here  was 
based  on  its  close  proximity  to  the  transformer  department. 

The  pole  piece  department  was  located  here  to  be  near  the 
punch  department,  from  which  it  receives  most  of  its  material. 
The  deliveries  of  finished  pole  pieces  from  this  department  will 
be  made  to  Sections  A,  B,  C,  D,  R  and  S,  and  to  the  store-keep- 
ing and  shipping  department. 

The  cutting-off  department  is  an  entirely  new  department, 
in  which  it  is  proposed  to  cut  cold  rolled  steel,  axle  steel  and  tool 
steel  for  all  departments  of  the  works  requiring  material  of  this 
character  cut  to  definite  lengths.  The  stock  of  material  required 
by  the  cutting-off  department  will  be  carried  in  the  casting  store- 
hou*se  extension,  to  which  reference  will  be  made  later. 

The  removal  of  the  tinners'  and  pole  piece  departments  from 
their  old  to  this  new  location  will  provide  ample  space  for  the 
extension  of  the  punch,  annealing  and  sheet  steel  painting  depart- 
ments of  Section  G.  The  cutting-off  department  and  the  storage 
of  the  materials  required  by  it  in  the  casting  store-house  will  make 
available  space  in  the  blacksmith  shop,  Section  H,  for  additional 
forging  fires. 

Section  R.  This  entire  section  will  be  utilized  for  the  manu- 
facture, test  and  shipment  of  all  classes  of  A.  C.  and  D.  C. 
generators  and  motors,  rotary  converters,  and  apparatus  having 
rotor  and  stator  elements,  excepting  street  railway  motors,  from 
100-hp.  up  to  machines  having  a  maximum  internal  bore  not 
exceeding  six  feet.  This  section  will  later  relieve  Sections  B  and 
D  of  the  smaller  apparatus  the}'  now  manufacture,  and  for  which 
their  equipment  of  machine  tools  is  not  so  well  adapted  as  that 
to  be  located  in  Section  R.  By  limiting  the  size  of  apparatus  to 
be  manufactured  inithis  section  to  a  definite  diameter  of  maxi- 
mum bore  of  the  stationary  parts,  the  maximum  sizes  for  the 
machine   tool    equipjnent    were    immediately    determined.     The 
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largest  planers  will  take  10  feet  between  uprights;  the  largest 
boring  mills  will  swing  10  feet  between  housings,  and  the  largest 
lathes  will  swing  6  feet.  The  new  machine  tools  for  this  section 
which  have  been  purchased,  were  selected  with  due  regard  for 
the  use  of  high  speed  cutting  tool  steels,  and  are  all  of  very  heavy 
pattern  to  meet  the  unusual  requirements.  The  special  equip- 
ment of  machine  tools  for  the  manufacture  of  turbo-generators 
will  probably  be  located  in  this  section. 

Section  S.  This  section  will  differ  from  any  other  ground 
floor  section  in  that  but  little  of  its  product  will  be  completely 
assembled  within  the  limits  of  the  section.  It  will  in  the  main 
supply  Sections  A,  B  and  C  with  parts  ready  for  assembling,  and 
its  space  will  be  apportioned  among  six  new  departments; 
nameh%  Frame,  Bracket,  Spider,  Building,  Shaft,  and  Bearing 
Departments. 

The  Frame  Department  will  perform  all  machining  opera- 
tions on  frames  used  in  the  manufacture  of  all  alternating-current 
and  direct-current  apparatus  now  made  in  Section  C,  and  its 
product  will  in  most  cases  be  ready  for  assembling  operations 
when  it  leaves  the  department. 

The  Bracket  Department  will  perform  all  machining  opera- 
tions upon  all  brackets  used  in  connection  with  the  product  of 
the  Frame  Department. 

The  Spider  Department  will  perform  all  machine  operations 
upon  all  spiders  used  in  the  manufacture  of  all  alternating-cur- 
rent and  direct-current  apparatus  now  made  in  Sections  A  and  C, 
and  its  product  will  be  delivered  to  the  building  department. 

The  Building  Department  will  build  sheet  steel  upon  all  shafts 
and  spiders  for  the  rotors  required  for  the  apparatus  manufac- 
tured in  Sections  A  and  C.  It  will  build  sheet  steel  within  all 
frames  as  required  by  Section  C.  It  will  also  file  the  slots  pre- 
paratory to  winding  in  the  sheet  steel  which  it  has  built  up  on 
rotors  and  stators. 

The  Shaft  Department  will  perform  all  machining  and  finish- 
ing operations  upon  all  shafts  required  by  Sections  A,  B,  C,  D 
and  R,  which  are  less  than  8  inches  diameter  by  8  feet  long,  and 
provision  has  been  made  for  finishing  the  parts  of  shafts  having 
circular  cross-section  by  suitable  grinding  machines.  All  shafts 
within  the  maximum  size  given  will  be  made  by  this  department 
to  meet  the  requirements  of  the  storekeeping  and  shipping 
department  and  of  the  detail  and  supply  department. 
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The  Bearing  Department  will  perform  all  machining  and 
finishing  operations  upon  all  bearings  required  by  Sections  A,  B, 
C,  D  and  R,  which  have  a  bearing  surface  less  than  8  inches  in 
diameter.  It  will  also  supply  the  storekeeping  and  shipping 
department  and  the  detail  and  supply  department  with  the 
bearings  required  by  them  to  fill  their  orders. 

The  establishment  and  operation  of  the  departments  of  Sec- 
tion S  will  change  the  character  of  the  work  now  carried  on  in 
Section  C,  and  later  Section  C  will  comprise  four  departments, 
namely,  detail,  assembling,  winding,  and  testing  departments. 

The  detail  department  will  make  the  smaller  parts  required 
in  the  manufacture  of  alternating-current  and  direct-current  gen- 
erators and  motors  under  100-hp.  now  made  in  Section  C,  such 
as  covers,  resistance  rings,  auto-starters  for  Type  H  motors,  etc. 

The  other  departments  will  carry  on  similar  operations  to 
to  those  now  being  performed,  only  on  a  larger  scale. 

The  vehicle  motor  department,  Section  F,  will  be  absorbed 
into  the  departments  of  Sections  C  and  F. 

Section  T.  This  section  will  be  utilized  exclusively  for  the 
manufacture  of  detail  apparatus.  The  various  departments  now 
in  Section  M  will  be  transferred  to  this  section,  with  the  excep- 
tion of  the  screw  and  instrument  departments. 

The  names  of  the  various  departments  in  Section  T  so  far 
determined  are — rheostat,  switch,  milling,  oil  switch,  circuit 
breaker,  marble  working,  switchboard,  and  detail  testing  depart- 
ments. The  removal  of  these  departments  from  Section  M  will 
make  that  space  available  for  an  extension  to  the  storekeeping  and 
shipping  department,  provide  room  for  the  separate  storerooms 
for  the  detail  and  supply  department,  and  also  permit  the  trans- 
fer of  the  polishing  and  plating  department  from  Section  O  into 
Section  M  at  the  north  end,  next  to  the  power-house. 

Section  W.  The  space  in  this  section,  south  of  the  power- 
house, has  been  allotted  to  the  instrument,  experimental,  model 
and  small  tool  departments. 

The  instrument  department  will  be  located  next  to  the  offices 
of  the  production  department,  and  will  manufacture  the  several 
classes  of  instruments  not  made  at  the  Newark  Works. 

Provision  will  probabl}'  be  made  in  this  department  to  test 
and  prepare  for  shipment  all  the  instruments  of  its  own  produc- 
tion. 
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The  experimental  department  will  be  moved  to  Section  W, 
from  its  present  location  in  Section  F,  and  its  operations  will  be 
limited  to  experimental  work  only. 

The  model  department  will  be  used  to  develop  the  smaller 
types  of  apparatus  which  have  passed  the  experimental  stage  and 
to  produce  manufacturing  models  which  can  be  used  to  prepare 
special  tools,  fixtures  and  gauges  for  the  economical  manufacture 
of  their  constituent  parts. 

The  small  tool  department  will  be  transferred  from  Section 
F  to  that  portion  of  Section  W  immediately  south  of  the  power- 
house. It  will  comprise  the  tool  supply  and  tool  repair  depart- 
ments, and  will  control,  as  heretofore,  all  the  sub-tool  rooms 
located  in  other  departments. 

In  that  portion  of  Section  W  enclosed  by  the  power-house 
main  partition  walls,  will  be  located  the  japanning  department 
and  the  extension  to  the  dipping  and  drying  department,  includ- 
ing the  new  vacuum  impregnating  and  drying  tanks. 

Section  W,  north  of  the  power-house,  already  contains  the 
tool  and  die  department,  in  which  are  made  all  the  special  tools, 
jigs,  dies,  fixtures,  formers,  etc.,  required  by  the  various  depart- 
ments of  the  East  Pittsburg  works.  This  department  will  also 
repair  the  dies  used  by  Section  C,  and  repair  many  of  the  machine 
tools  which  become  worn  in  other  departments. 

The  removal  of  the  small  tool,  tool,  experimental  and 
vehicle  motor  departments  from  Section  F  will  provide  for  large 
extensions  to  the  brush  holder,  commutator  and  screw  depart- 
ments, and  permit  the  establishment  of  a  controller  department, 
it  being  the  plan  to  utilize  Section  F  for  these  four  departments 
only. 

Mezzanine  Floors.  Between  Sections  P  and  W  and  Sections 
S  and  T,  mezzanine  floors  have  been  erected,  upon  which  will  be 
located  the  coat  and  toilet  rooms  for  employes  of  the  East  Shop. 

Casting  Storehouse.  Immediately  north  of  the  East  Shop 
and  connected  with  it  is  the  casting  storehouse  extension.  The 
casting  storehouse  with  the  extension  is  approximately  600  feet 
by  210  feet,  and  is  divided  throughout  its  length  into  three  bays 
each  70  feet  wide.  The  length  of  this  building  is  at  right  angles 
to  the  length  of  the  Main  and  East  Shops. 

The  casting  storehouse  will  contain  the  returned  material 
department  and  scrap  department  for  the  various  scrap  materials, 
except  brass  and  copper  alloys.     The  major  portion  of  its  area 
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will  be  utilized  for  the  storage  of  castings  and  steel  bars  of 
the  different  qualities  required  in  manufacturing  operations.  The 
storage  and  shipment  of  street  railway  motors  will  also  be  pro- 
vided for  in  this  building. 

Transportation  of  Materials.  One  of  the  great  problems  in 
connection  with  the  operation  of  the  East  Shop  has  been  the 
method  of  transporting  materials  in  to  and  out  of  its  different 
departments.  Two  standard  gauge  tracks  cross  Sections  P,  R 
and  S,  and  will  be  used  for  the  shipment  of  completed  apparatus 
from  the  transformer  department  and  Section  R.  A  standard 
gauge  track  enters  the  north  end  of  Section  B  for  a  distance  of 
160  feet,  which  will  be  used  for  receiving  the  larger  castings  and 
forgings  which  enter  into  the  product  of  this  section. 

Plans  have  been  prepared  for  a  complete  system  of  indus- 
trial railway  tracks  connecting  all  the  principal  buildings,  the 
main  lines  passing  through  Sections  A,  C,  P  and  S,  and  the  cast- 
ing storehouse,  with  frequent  connecting  cross  tracks.  Later  the 
system  may  be  extended  through  the  gallery  floors. 

The  principal  means  of  material  transportation  between  Sec- 
tions C  and  S  will  be  by  a  tunnel  passing  under  both  the  East 
and  Main  Shops.  The  tunnel  will  be  provided  with  two  indus- 
trial railway  tracks,  and  an  elevator  at  each  end  will  carry  loaded 
trucks  down  and  up.  No  openings  into  this  tunnel  are  made 
except  at  the  termini  in  Sections  C  and  S. 

Twenty  electric  traveling  cranes  will  be  installed  in  the  East 
Shop  for  handling  the  work  in  departments  requiring  their  use. 

The  above  arrangement  of  departments  was  decided  upon 
after  careful  study  and  now  seems  the  best  of  many  proposed 
plans.  However,  as  departments  are  organized  and  put  in 
operation  it  is  not  unlikely  that  some  modification  may  be  found 
advantageous. 
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SHOP     EXPERIENCE 

ITEMS    FRONf    THE    NOTEBOOK   OF    THE    APPRENTICE 

Coiid2ictcd  by  M.   H.   BickeUiaupt 

Machine  Work  on  Turbo-Generator  Field  Castings — As 
one  operation  in  the  construction  of  a  large  turbo-generator 
rotating  field,  the  steel  casting  was  cut  through  at  the  middle 
perpendicular  to  the  shaft.  As  the  casting  was  nearly  six  feet  in 
diameter,  a  special  cutting  tool  was  rigged  up  to  do  the  work. 
The  casting  was  mounted  on  a  mandrel  and  the  work  done  in  a 
i  athe. 


The  cutting  tool  was  firmly  keyed  to  a  steel  bar  Y^"  thick. 
One  end  of  this  bar  was- pivoted  to  the  carriage  on  the  lathe- 
bed,  while  the  other  rested  upon  the  upper  edge  of  the  tool-post 
and  was  raised  by  driving  a  bar  across  the  top  of  the  post  against 
it.  From  the  sketch  it  will  be  seen  that  the  cutting  edge  of  the 
tool  may  be  made  to  constantly  approach  the  axis  of  the  piece 
as  the  work  progresses,  and  will  move  in  a  circular  arc.  The 
lathe  rotated  the  casting  in  the  opposite  direction  to  the  usual 
one,  so  as  to  prevent  the  steel  chips  from  interfering  with  the 
operation  of  the  tool. 

In  making  the  longitudinal  slots  in  the  sides  of  the  poles  to 
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hold  the  windings,  a  planer  is  used  for  sizes  up  to  1000  kw.  On 
the  large  sizes  a  milling  cutter  is  employed,  as  about  twenty  per- 
cent of  the  time  required  to  plane  them  is  saved  by  its  use. 

Action  of  Equalizer  Rings — In  large  sizes  of  direct-current 
generators  and  rotary  converters,  which  of  necessity  have  parallel 
wound  armatures,  a  method  is  employed  to  maintain  the  same 
potential  at  all  the  commutator  brushes  having  the  same  polarity. 
Should  the  magnetic  strength  of  field  poles  differ,  the  potential 
generated  in  the  conductors  under  one  pole  would  be  unequal  to 
that  generated  in  conductors  similarly  located  under  another  pole 
of  the  same  polarity.  This  slight  difference  of  potential  would 
cause  current  to  flow  from  one  brush  to  another  and  through 


Bonding  Ring 


Fig.  1 


sections  of  the  winding,  producing  excessive  heating  of  the  con- 
ductors, as  well  as  sparking  at  the  brushes.  To  obviate'  this 
difficulty,  several  points  of  the  armature  winding,  which  are 
normally  at  the  same  potential,  are  connected  together,  thus 
allowing  currents  to  pass  from  one  section  of  the  winding  to 
other  sections  with  which  it  is  connected  in  parallel.  The 
manner  in  which  the  effect  of  unequal  magnetic  pole-strengths  is 
corrected,  by  the  local  circuits  thus  formed,  is  as  follows: 

Take,  for  example,  the  case  of  a  six-pole  direct-current  gen- 
erator having  fort3^-eight  armature  conductors.  Fig.  1  shows 
the  local  circuit  formed  by  the  bonding  or  equalizer  ring  and 
a  part  of  the  armature  winding.  It  is  seen  that  there  are 
sixteen  conductors  forming  this  local  circuit,  and  that  the  e.m.f's, 
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set  up  in  eight  of  the  conductors  oppose  the  e.m.f.'s  set  up  in 
the  other  eight.  When  the  three  magnetic  fields  are  equal  in 
strength  these  two  opposing  e.m.f.'s  are  equal,  and  no  current 
will  flow  in  the  local  circuit;  however,  should  the  magnetic  field 
of  the  left-hand  N  pole  be  stronger  than  that  of  the  other  N  pole 
shown,  six  of  the  eight  conductors  of  one  set  and  only  two  of  the 
other  will  be  in  this  stronger  magnetic  field,  as  shown  in  Fig.  2, 
where  the  conductors  in  one  set  are  distinguished  from  those  in 
the  other,  and  a  current  will  flow  in  the  local  circuit  in  the  direc- 
tion of  the  greater  e.m.f. 


FIG.  2 


The  effect  of  this  local  current  upon  the  magnetic  fields  is 
shown  in  Fig.  3.  This  action  may  be  shown  by  a  vector-diagram, 
since,  so  far  as  this  local  circuit  is  concerned,  the  current  and, 
other  quantities  are  alternating.  E  i  and  E  2  are  the  opposing 
e.m.f.'s  with  the  resultant  E  acting  in  the  direction  of  the  larger, 
and  setting  up  the  current,  I-,  which  is  lagging  90°  behind  E  on 
account  of  the  local  circuit's  high  inductance.  This  current  will 
set  up  the  magnetic  flux,  M,  in  phase  with  it.  M  1  and  M  2  are 
the  two  main  fields  discussed  above,  which  generate  the  e.m.f.'s 
Ei  and  E2  respectively,  and  lead  them  by  90°.  Thus  the 
magnetic  field  M  is  in  phase  with  M  2,  the  weaker  field,  and 
directly  opposed  to  the  stronger  field  M  1  ,  thus  tending  to  equalize 
them. 

It  is  to  be  understood  that  this  action,  as  described,  does  not 
take  place  continuously  in  certain  conductors  of  the  winding. 
Suppose  one  pole  of  the  generator  is  out  of  position  so  that  the 
field  under  that  pole  is  stronger  than  the  field  under  the  remain- 
ing poles  of  the  machine.  Then,  as  parts  of  the  armature  wind- 
ing come  under  this  stronger  pole,  there  will  be  the  local  current 
in  the  winding,  this  current  lasting  only  while  the  conductors  are 
under  the  strong  pole.     As  these  conductors  pass  beyond  the  pole. 
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other  conductors  take  their  place,  in  which  the  local  current  flows. 
While  the  local  correcting  currents  flow  in  each  conductor  for 
only  an  instant,  the  current  is  always  present  under  the  stronger 
pole. 


Ie. 


M. 


M, 


F^.3 


Waterglass  Insulation — When  a  short  circuit  occurs  be- 
tween two  bars  in  a  commutator  at  or  near  its  outer  surface,  the 
conducting  material  connecting  the  bars  is  generally  removed  by 
means  of  a  sharp  tool.  Since  this  will  disturb  more  or  less  of  the 
mica,  a  small  crevice  will  be  formed  between  the  segments.  This 
crevice  is  filled  with  a  liquid  called  waterglass,  which  solidifies 
and  provides  a  good  bearing  surface,  besides  acting  as  an  excel- 
lent insulation. 

If  a  short-circuit  is  found  to  be  inside  the  commutator  and 
under  the  mica  V  ring,  the  commutator  is  tightly  bound  with  rope 
or  tape,  and  the  proper  section  of  the  V  ring  taken  out,  when  the 
short-circuiting  material  may  be  easily  removed. 


EDITORIAL  COMMENT 


That  the  engineering  apprenticeship 
The  Purpose  of        course  of  the  Westinghouse  Electric  and 
The  Electric  Club     Manufacturing  Company  is  an  immense 
Journal  educational  institution  is  realized  by  few, 

even  of  those  who  are  in  every-day  asso- 
ciation with  it.  The  apprenticeship  system  is  so  intimately  con- 
nected with  the  purely  commercial  work  of  the  factory,  and  is  so 
jovershadowed  by  it,  that  we  do  not  commonly  distinguish 
between  them.  But  what  university  or  technical  school  has  two 
hundred  graduate  students  studying  electrical  engineering? 
Where  are  there  better  laboratory  facilities  than  in  the  various 
manufacturing  and  testing  departments  of  the  works?  And 
where  is  there  a  finer  engineering  faculty  than  in  the  commercial 
and  engineering  offices  of  the  company?  For  through  the  lecture 
and  section  work  of  The  Electric  Club,  the  officers  and 
engineers  of  the  company  have  truly  become  a  faculty  for  the 
apprentice.  It  is  true  each  one  devotes  only  a  very  small  part 
of  his  time  to  instruction;  but,  from  their  number,  a  little  from 
each  man  is  large  in  the  aggregate.  And  the  engineering  appren- 
tice is  a  graduate  student;  he  knows  what  he  wants  and  has  the 
ability  and  the  opportunity  to  get  it;  the  amount  of  direction 
and  inspiration  he  requires  is  adequately  furnished  by  the  work 
of  The  Electric  Club.  We  are  well  within  the  truth  when  we 
say  that  the  engineering  apprenticeship  course,  supplemented  by 
The  Electric  Club,  is  doing  more  for  the  advancement  of 
electrical  engineering  education  in  this  country  than  any  single 
university  or  technical  school. 

The  Electric  Club  Journal  takes  a  definite  place  in  this 
educational  scheme.  It  is  a  logical  development  of  the  work  of 
The  Electric  Club,  a  development  that  was  foreseen  two  years 
ago  when  the  Club  was  formed.  It  will  put  in  permanent  form 
the  best  work  of  the  Club;  it  will  increase  the  efficiency  of  the 
work  by  making  unnecessary  the  repetition,  year  after  year,  of 
certain  parts  of  its  technical  work;  it  will  enlarge  the  work  of 
the  Club  by  bringing  material  to  it  that  would  not  otherwise  be 
available.  The  field  of  The  Electric  Club  Journal  is  there- 
fore well  defined.  It  will  be  published  for  the  members  of  The 
Electric  Club,  with  their  education  and  experience   in  mind. 
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The  Journal  is  not  a  shot-gun  that  is  expected  to  hit  ever3^body 
from  the  capitaHst  down  to  the  station-attendant;  but,  rather,  a 
rifle  that  is  aimed  straight  at  the  3''oung  engineer. 

We  have  extended  the  privilege  of  subscribing  to  the 
Journal  to  those  not  members  of  The  Electric  Club  for  two 
reasons:  primarily,  because  the  comparatively  small  membership 
of  the  Club  could  not  support  the  kind  of  journal  we  desire  to 
publish;  and  secondly,  on  broader  grounds,  we  wish  to  extend, 
so  far  as  possible,  the  educational  benefits  of  the  apprenticeship 
course  and  The  Electric  Club  to  young  engineers  without 
these  advantages. 

Many  things  which  interest  younger  engineers  will  interest 
older  men  as  well — particularly  in  an  industry  which  is  continu- 
ally advancing  and  in  which  new  inventions  and  developments 
are   constantly  appearing. 

The  Electric  Club  is  composed  of  Westinghouse  men  and 
the  papers  read  before  it  are  largely  by  Westinghouse  men ;  it 
follows  that  a  majority  of  the  articles  printed  by  The  Electric 
Journal  will  be  written  about  Westinghouse  methods  and 
apparatus,  by  men  who  are  responsible  for  Westinghouse  prac- 
tice. These  articles,  written  for  young  men  from  a  strictly 
engineering  standpoint,  will  be  all  the  more  valuable  because 
they  are  definite  and  relate  to  specific  apparatus  and  methods, 
and  are  not  abstract  and  indefinite.  The  better  knowledge  which 
may  be  disseminated  regarding  Westinghouse  men  and  methods 
will  be  appreciated  by  many  who  are  not  now  familiar  with 
them.  The  advantage  which  the  Electric  Company  will  derive 
incidentally  from  the  publicity  given  to  its  engineering  practice 
will  not  lessen  the  value  to  the  engineering  public  of  the  material 
we  print. 

Our  purpose  is  definite:  to  pubhsh  a  journal  for  young 
engineers,  containing  material  suited  to  their  needs  and  written 
in  a  form  to  meet  their  education  and  experience.  To  what 
extent  we  accomphsh  this  purpose,  the  Journal  itself  will 
determine.  —  The  Ptiblication  Committee. 

The  use  of  insufficiently   dried   insulating 
Drying  Out       material  and  the  failure  to  dry  out  apparatus 
Transformers     which  has  become  damp  are  probabl}-  responsi- 
ble for  a  great  majority  of  the  failures  which 
have  occurred  with  high-voltage  apparatus.      But  trouble  from 
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this  cause  is  not  confined  to  high-tension  apparatus  alone,  but 
appears  in  all  classes  of  electrical  machinery.  The  severe  insula- 
tion tests  applied  to  high-voltage  apparatus  have  served,  how- 
ever, to  emphasize  the  dangers  of  moisture,  and  the  improvements 
required  in  the  treatment  of  the  insulation  of  high-voltage  appa- 
ratus has  resulted  in  a  marked  improvement  in  the  quality  of  the 
insulation  of  all  other  apparatus. 

With  each  increase  in  voltage,  new  difficulties  develop. 
Materials  and  methods  of  manufacture  which  are  entirely  satis- 
factory for  one  voltage,  may  prove  quite  inadequate  for  a  higher 
one.  The  inspection  and  care,  which  may  be  ample  in  the  oper- 
ation of  apparatus  at  one  voltage,  may  be  wholly  insufficient  for 
a  higher  voltage.  So  called  "dry  wood,"  for  example,  which  at 
5,000  volts  gives  excellent  results  as  an  insulator,  proves  to  be 
quite  "wet"  and  a  good  conductor  at  30,000  volts.  To-day  wood 
is  not  used  as  a  high-voltage  insulator  unless  first  dried  in  a 
vacuum  oven,  then  boiled  in  oil  or  otherwise  treated  to  prevent 
the  re-entrance  of  moisture.  This  method  of  treating  wood  is 
applied  in  a  general  way  to  almost  all  insulating  materials,  and  a 
plant  for  manufacturing  high-voltage  apparatus  is  not  complete 
without  drying  ovens,  vacuum  ovens,  dripping  tanks  and  vacuum 
impregnating  tanks. 

By  these  improved  methods  of  treatment  the  moisture  danger 
is  largely  eliminated  during  the  period  of  manufacture  and  factory 
test,  and  to  prevent  the  apparatus  from  taking  up  moisture  during 
transit  it  is  usually  shipped  in  a  hermetically-sealed  case.  In- 
stances may  arise,  however,  when  the  apparatus  cannot  be  so 
shipped,  or  the  case  may  be  damaged,  or  during  installation  the 
apparatus  may  become  wet,  thus  necessitating  drying  out  before 
it  is  put  in  operation. 

On  high  voltages  the  necessity  for  perfectly  dry  insulation  is 
even  more  imperative  than  on  low  voltages,  and  as  transformers 
are  usually  wound  for  a  much  higher  voltage  than  other  electrical 
apparatus,  drying  out  is  more  frequently  required  on  them  than 
on  other  apparatus.  In  the  next  issue  of  The  Journal  will  be 
found  some  general  instructions  for  drying  out  transformers 
before  they  are  put  in  service. . 

One  of  the  chief  difficulties  in  the  installation  of  transformers 
is  to  know  whether  drying  out  is  required;  also  when  the  drying 
out  is  completed.  An  inspection  of  the  transformer  when  it  is 
received,  and  a  knowledge  of  the  manner  in  which  it  has  been 
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handled  during  installation,  may  often  make  it  clear  that  drying 
out  is  necessary,  but  when  there  is  any  doubt  as  to  its  condition, 
drying  should  be  done.  The  insulation  resistance  should  be  taken 
at  frequent  intervals  as  the  drying  progresses,  and  the  values  plot- 
ted in  a  curve,  for  this  is  the  only  wa}'  of  judging  of  the  condition 
of  the  insulation. 

In  general,  it  is  well  to  be  on  the  safe  side — drying  out  when- 
ever there  is  doubt  as  to  the  condition  of  the  apparatus,  and  con- 
tinuing the  drying  out  process  until  it  is  certain  that  the  insula- 
tion is  thoroughly  drj'. 

/.  S.  Peck. 


CLUB     NEWS 

A    RECORD    OF    THE    WORK   OF    THE    ELECTRIC    CLUB 

Club  Excursions — The  Excursion  Committee  has  completed 
arrangements  with  a  number  of  power  and  industrial  plants  in  and 
around  Pittsburg  so  that  members  of  the  Club  can  obtain  the 
necessary  passes  to  visit  these  plants. 

Members  wishing  to  visit  a  certain  plant  should  organize  a 
part)'  of  about  ten  men  and  then  write  to  Mr.  H.  L.  Stephenson, 
Chairman  of  the  Committee,  stating  the  plant  and  date  for  which 
the  pass  is  desired  and  the  exact  number  in  the  party.  Passes 
for  single  members  cannot  be  issued,  as  that  would  require  too 
many  requests  for  passes  from  the  same  company. 

In  furnishing  these  passes  the  Committee  asks  in  return  that 
each  party  make  a  written  report  of  its  trip.  This  report  should 
be  made  by  the  member  who  obtains  the  pass.  It  should  be 
written  in  such  a  way  that  members  intending  to  visit  the  same 
plant  at  a  later  date  may  obtain  information  that  would  enable 
them  to  see  the  plant  to  the  best  advantage.  To  this  end  the 
report  should  contain  specific  directions  for  reaching  the  plant — 
assuming  that  the  party  starts  from  Wilkinsburg — with  the  time 
and  expense  required  for  the  trip.  It  should  tell  how  to  get  into 
the  plant,  the  length  of  time  required  to  go  through  the  plant, 
and  the  best  things  to  see.  These  reports  will  be  on  file  in  the 
office  of  the  Secretary  of  the  Club,  where  members  may  see  them. 

CONTINUED   ON   PAGE  58] 
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THE     VOLTAGE     REGULATION     OF    ROTARY 
CONVERTERS 

By  P.  M.  LINCOLN 

The  regulation  of  a  rotary  converter  differs  from  that  of  a 
direct-current  generator  in  one  essential :  the  actual  increase  in 
the  voltage  delivered  by  a  rotary  converter  as  the  load  increases 
depends  not  only  upon  its  design,  but  also  upon  the  character- 
istics of  other  parts  of  the  system  to  which  it  may  be  connected; 
the  compounding  of  a  direct-current  generator,  however,  depends 
entirely  upon  the  design  of  the  machine  itself. 

The  external  element  upon  which  the  actual  compounding  of 
a  converter  depends  is  the  inductance  of  the  supply  circuit.  To 
analyze  the  influence  of  inductance  in  the  compounding  of  a  con- 
verter, it  is  necessary  first  to  consider  what  happens  if  a  con- 
verter be  operated  with  a  varying  field  current  while  a  constant 
voltage  is  applied  to  the  collector  rings. 

It  is  a  well-known  fact  that  there  is  a  certain  adjustment  of 
rotary  converter  field  strength  that  gives  a  minimum  alternating- 
current  input  for  a  given  direct-current  output,  and  that  varying 
the  field  strength  either  way  will  increase  this  alternating-current 
input,  while  the  direct-current  output  remains  the  same.  In  every 
case  the  alternating-current  input  may  be  considered  as  being 
made  up  of  two  components  :  one.  the  energy  component  in  phase 
with  the  impressed  electromotive  force;  the  other,  a  wattless 
component,  leading  when  the  field  strength  is  too  great  and  lag- 
ging when  the  field  strength  is  too  small. 

A  constant  alternating-current  voltage  across  the  collector 
rings  has  been  assumed,  and  it  is  evident  that  the  constancy  of 
this  applied  voltage  means  the  generation  of  practically  a  con- 
stant voltage  by  the  rotation  of  the  rotary  converter  armature. 
To    generate    this    constant   voltage    in    the    converter    armature 


50 


THE  ELECTRIC  CLUB  JOURNAL 


(which  runs  at  a  dehnilo  speed)  there  must  be  a  constant  mag- 
netic induction  through  the  armature,  and  therefore  a  constant 
number  of  ampere-turns  to  produce  that  induction. 

In  a  rotary  converter,  or  other  synchronous  machine,  there 
are  two  sources  of  excitation  :  current  in  the  field  winding  and 
current  in  the  armature  winding.  To  produce  a  constant  voltage 
the  sum  of  these  two  excitations  must  be  a  constant.  If  the 
ampere-turns  in  the  field  winding  are  less  than  necessary,  a  cur- 
rent circulates  in  the  armature  in  such  a  manner  as  to  assist  the 
field  in  magnetizing  the  armature.  Such  a  magnetizing  current, 
though   leading  with    respect   to   the   electromotive   force   of   the 
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converter  regarded  as  a  generator  of  electromotive  force,  is  lag- 
ging with  respect  to  the  generator  or  supply  system.  On  the 
other  hand,  if  the  ampere-turns  of  the  field  winding  are  more 
than  sufficient  to  produce  the  constant  voltage  we  have  assumed, 
a  current  circulates  in  the  armature  in  such  a  manner  as  to  op- 
pose the  field  winding  and  so  reduce  the  magnetic  induction  to 
the  required  amount.  This  magnetizing  current  is  leading  with 
respect  to  the  generator  or  supply  system. 

The  actual  current  circulating  in  the  armature  may  be  re- 
garded as  being  composed  of  the  magnetizing  current  and  the 
useful  current,  and  the  ratio  of  this  useful  component  to  the 
resultant  of  the  useful  and  magnetizing  components  is  known  as 
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the  power-factor  of  the  circuit.  It  is  measured  by  the  ratio  of 
the  true  input  (recorded  by  a  wattmeter)  to  the  apparent  input 
(recorded  by  an  ammeter  and  voltmeter). 

From  the  above  analysis  it  is  evident  that  the  power-factor 
of  the  alternating-  current  taken  by  a  rotary  converter  is  intimate- 
Iv  dependent  on  the  amount  of  its  armature  magnetizing  or  de- 
mag-netizing  current,  and  therefore  dependent  upon  the  field  cur- 
rent of  the  converter.  The  limits  of  variation  of  power-factor  are 
from  a  vcrv  low  power-factor  lagging  to  a  very  low  power-factor 


KUTAKV     CONVERTER     SUBSTATION,     SHOWING     HIGH     TENSION     TRANSFORMERS, 
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Utica  Railway  Syndicate,   Utica,   N.   Y. 

leading.  The  first  occurs  with  a  small  load  or  no  load  when  the 
tield  excitation  is  too  low,  and  the  second  with  a  small  load  or  no 
load  when  the  field  excitation  is  too  high. 

From  this  it  will  be  seen  that  variations  in  field  strength  give 
lagging  or  leading  current.  It  does  not,  however,  affect  the 
armature  magnetization,  and  so  a  change  in  field  strength  alone 
cannot  afifect  the  direct-current  voltage.  This  bears  a  fixed  rela- 
tion to  the  alternating-current  voltage,  so  that  the  only  way  to 
raise    the    direct-current    A-oltage    is   by    raising   the   alternating- 
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current  voltage  at  the  collector  rings.  Xow  the  voltage  at  the 
collector  rings  of  a  converter  is  the  resultant  of  two  conii^onents ; 
first,  the  voltage  of  the  generator,  and  second,  the  voltage  needed 
to  force  the  current  taken  by  the  converter  through  the  induct- 
ance between  itself  and  the  generator.  The  resistance  between 
the  generator  and  the  converter  is  also  a  modifying  element,  but 
we  will  assume  this  resistance  to  be  negligible,  and  without  at- 
tempting at  this  point  to  give  reasons,  state  the  facts  concerning 
the  resultant  of  the  two  components. 

(i)  As  long  as  the  current  supplied  to  the  converter  is 
neither  lagging  nor  leading,  the  inductance  volts  combine  with 
the  generator  volts  in  such  a  manner  that  their  resultant,  the  con- 
verter voltage  is  practically  the  same  as  the  generator  voltage ; 
that  is.  a  non-inductive  load  causes  practically  no  drop  over  that 
due  to  the  resistance  of  the  line. 

(2)  If  the  converter  current  is  lagging  the  two  elements 
combine  in  such  a  way  that  their  resultant  is  smaller  than  the 
generator  volts ;  that  is,  the  electromotive  force  of  self-induction 
causes  an  increased  drop  over  that  due  to  line  resistance. 

(3)  If  the  current  is  leading,  the  result  is  greater  than  the 
generator  volts;  that  is  the  electromotive  force  of  self-induction 
in  this  case  adds  to  the  generator  volts. 

It  is  evident  therefore  that  if  we  can  cause  the  current  taken 
by  the  rotary  converter  to  change  from  lagging  at  no  load  to 
leading  at  full  load,  the  voltage  applied  to  the  converter  will 
change  from  an  amount  less  than  the  generator  voltage  at  no  load 
to  an  amount  greater  than  the  generator  voltage  at  full  load,  and 
it  is  exactly  the  function  of  the  series  field.  It  makes  the  field 
ampere-turns  increase  with  load,  and  therefore  as  set  forth  above, 
causes  the  lagging  component  of  the  current  supplied  to  the  ro- 
tary converter  to  decrease  and  the  leading  component  to  increase, 
or  both. 

Now  to  explain  the  reasons  wdiy  the  resultant  of  the  tw'O 
components  which  make  up  the  converter  voltage  increase  as  the 
current  changes  from  lagging  to  leading.  The  volts  across  an 
inductance  (the  e.m.f.  of  self-induction)  lag  90  degrees  behind  the 
current  causing  them,  the  resistance  being  negligible.  This  lag 
remains  fixed  under  all  conditions.  If  therefore  a  rotary  converter 
current  is  neither  lagging  nor  leading,  the  inductive  volts  caused 
by  that  current  lag  90  degrees  behind  the  generator  volts.    This 
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condition  is  shown  on  Fig-,  i,  where  it  is  evident  that  the  rotary- 
converter  volts  are  practically  of  the  same  value  as  the  generator 
volts.  Xow  if  the  rotary  converter  current  lags,  the  inductance 
volts  are  thrown  around  into  such  a  position  that  the  resultant  of 
them  and  the  generator  A'olts  is  smaller  than  the  generator  volts. 


Generator  volts 


Current  (in  phase) 


This  condition  is  shown  in  Fig.  2.     If,  on  the  other  hand,  the 
rotaiv   converter    current  is    leadinsr,   the    resultant   of   the   two 


Generator  volts 


elements  is  greater  than  the  generator  volts  as  shown  in  Fig.  3. 


Rotaryconverte 


FIG.  3 

It  will  be  noted  that  the  amount  of  compounding  depends 
upon  two  things : 

(i)  The  variation  from  lagging  to  leading  current  between 
no  load  and  full  load,  or,  referring  to  the  diagrams,  upon  the 
change  in  angle  between  the  generator  volts  and  inductance  volts. 
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(2)  Upon  the  drop  across  the  inductance,  or  referring  to 
the  diagrams,  upon  the  length  of  the  Hne  representing  inductance 
volts,  compared  to  the  length  of  the  line  representing  generator 
volts. 

The  first  condition  depends  upon  the  relative  amount  of 
series  winding  on  the  rotar\'  converter,  and  this  is  covered  by  the 
design  of  the  machine.  The  second,  the  inductance  in  circuit, 
depends,  however,  upon  conditions  entirely  outside  of  the  rotary 
converter. 

In  a  rotary  converter  there  are  usually  three  sources  of 
inductive  drop,  the  step-up  transformers,  the  line,  and  the  step- 
down  transformers.  In  specific  cases,  however,  any  or  all  of 
these  sources  may  be  absent.  For  instance,  where  a  rotary  con- 
verter is  operated  directly  from  generators  in  the  same  building, 
there  will  be  practically  no  inductance  between  the  rotary  con- 
verter and  the  generator.  In  order  to  obtain  compounding  in 
this  case,  it  is  necessary  to  insert  inductance,  usually  choke  coils, 
between  the  rotary  converter  and  the  generator. 

The  preceding  discussion  may  be  briefly  recapitulated  as 
follows : 

(i)  A  series  coil  on  a  rotary  converter  has  the  efl:"ect  of 
automatically  changing  the  ampere-turns  applied  to  the  field. 

(2)  Varying  the  field  ampere-turns  means  varying  the 
magnetizing  element  of  the  alternating  current  delivered  to  the 
collector  rings,  causing  the  current  to  become  leading  when  the 
ampere  turns  are  more  than  normal  and  lagging  when  the  ampere 
turns  are  less  than  normal. 

(3)  The  voltage  across  any  inductance  in  circuit  tends  to 
subtract  from  the  generator  voltage  when  the  converter  current 
lags  and  tends  to  add  to  the  generator  voltage  when  the  con- 
verter current  leads. 

(4)  The  conditions  for  rotary  converter  compounding  are 
therefore : 

(a)  A  -series  winding  on  the  rotary  converter  connected  so 
as  to  assist  the  shunt. 

(b)  Inductance  between  the  generator  and  rotary  converter. 
The  series  field  coils  in  a  rotary  converter  do  not  increase 

the  voltage  directly,  as  in  a  direct-current  generator,  but  indi- 
rectly, through  co-operation  with  inductance  in  the  sup])l\'  circuit. 


METHODS   OF    DRYING   OUT   HIGH-TENSION 
TRANSFORMERS 

By  J.  S.  PECK 

In  the  manufacture  of  high  tension  transformers  extreme 
precautions  are  taken  to  remove  moisture  from  coils  and  insula- 
tion, but  there  is  a  possibility  that  during  shipment  or  installa- 
tion the  transformer  may  absorb  moisture.  To  prevent  this  ab- 
sorption of  moisture  during  the  transit  it  is  customary  to  ship  the 
transformer  in  a  tin-lined  case.  A  transformer  thus  packed 
should  not  be  opened  until  it  has  stood  a  sufficient  time  to  assume 
the  temperature  of  the  surrounding  air.  If  the  air  shows  wide 
fluctuations  in  temperature  the  case  should  be  opened  during  the 
cooler  part  of  the  day,  for  if  opened  while  the  transformer  is 
cooler  than  the  air,  moisture  will  condense  upon  the  transformer 
windings.  The  tin  lining  should  not  be  opened  until  the  trans- 
former is  ready  to  be  placed  in  its  case  and  covered  with  oil,  or 
until  it  is  ready  to  be  dried  out. 

When  the  transformer  is  received  the  question  of  the  advisa- 
bilit}'  of  drying  out  is  one  which  naturally  arises.  If  the  tin  lin- 
ing is  in  good  condition  and  there  are  no  evidences  of  moisture 
inside  this  lining,  such  as  rust  upon  the  laminations  or  upon  the 
inside  of  the  case,  drying  out  is  generally  unnecessary.  But  if  the 
case  is  not  tin  lined,  or  the  lining  is  broken,  or  there  are  anv  evi- 
dences of  moisture,  the  transformer  must  be  dried  out  before 
being  put  into  service. 

There  is  no  way  of  telling  definitely  when  the  insulation  of 
a  transformer  is  perfectly  dry,  but  a  measurement  of  the  insula- 
tion resistance  will  serve  as  an  indication  of  its  condition.  The 
higher  the  resistance  the  dryer  is  the  transformer.  This  insula- 
tion resistance  is  usually  much  lower  when  the  transformer  is 
hot  than  when  it  is  cold,  and  the  measurement  should  be  made 
at  approximately  the  normal  operating  temperature  of  the  trans- 
former. 

In  making  the  insulation  resistance  measurement  a  500-volt 
direct   current   circuit   and   a   500  direct   current   voltmeter   may 
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be  used.  The  method  of  making  a  measurement  is  to  read  first 
tlie  voltage  of  the  line,  then  to  connect  the  resistance  to  be 
measured  in  series  with  the  voltmeter,  and  take  a  second  reading. 
The  measured  resistance  is  given  by  the  following  formula  and 
the  method  of  connecting  the  a])]xiratus  is  shown  in  the  sketch 
below. 

A^  ( /  '<■) 


500  Volt  Circuit 


Double  Pole 

Double  Throw  Switch 


r= Voltage  of  line. 

z'==  Voltage  reading  with 
insulation  in  series 
with  voltmeter. 


To  Resistance 

> 


R 


volt- 


CONNECTIONS    FOR     JIEASURING    INSULATION 
RESISTANCE 


Resistance    of 
meter. 

rizzResistance   of   insula- 
tion. 


In  making  insulation  resistance  measurements,  great  care 
must  be  taken  to  thoroughly  insulate  the  conductors  leading  to 
the  apparatus,  otherwise  the  insulation  resistance  of  the  leads, 
instead  of  that  of  the  apparatus,  will  be  measured.  On  a  ground- 
ed circuit  the  voltmeter  should  be  placed  between  the  line  and 
the  apparatus,  and  in  general  it  may  be  stated  that  the  voltmeter 
must  be  so  located  that  the  only  current  which  passes  through 
the  insulation  to  be  measured  will  pass  through  the  voltmeter. 

Inslnictioiis  for  Drying  Out  Transformers — There    are    three 
methods  which  may  be  followed  in  drying  out  transformers: 
(a) — By  internal  heat. 
{b) — By  external  heat. 
{c) — By  internal  and  external  heat. 

(a) — By  internal  heat.    Alternating  current  required. 

The  transformer  should  be  placed,  if  possible,  in  its  case, 
though  this  is  not  essential,  as  it  may  be  left  in  its  shipping  case 
or  even  placed  on  the  floor  of  a  dry  room.  If  dried  out  in  a  case 
the  cover  should  be  removed  to  give  free  circulation  of  air.  The 
low-tension  winding  should  be  short-circuited,  and  a  sutTicient 
voltage  impressed  on  the  high-tension  winding  to  circulate  the 
desired  current  through  the  coils.  For  large  transformers  (250 
to  500  k.  w.),  approximately  one-fifth   normal   full-load  current 
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will  be  sufficient  to  raise  and  maintain  the  coils  at  the  desired 
temperature,  viz.,  approximately  90°C.  (I94°F).  For  small 
transformers  a  somewhat  larger  current  will  be  required. 

For  circulating  this  current  through  the  windings,  from  ifc 
to  2';(  of  the  normal  high-tension  voltage  at  normal  frequency 
will  be  required,  thus  for  a  io,ooo-volt  transformer  from  loo  to 
200  volts  is  necessary.  For  controlling  the  current  a  rheostat 
mav  be  placed  in  series  with  the  high-tension  winding. 

(b) — By  external  heat. 

The  transformer  should  be  placed  in  a  wooden  box,  the  pack- 
ing case  answering  the  purpose  very  well.  An  opening  should 
be  made  near  the  bottom  and  another  at  the  top  of  the  box  to 
permit  a  circulation  of  air  and  also  to  serve  as  a  means  of  con- 
trolling the  temperature  of  the  air  inside  the  box.  The  heat  may 
be  applied  by  circulating  current  through  resistances,  the  iron 
grid  form  is  frequently  most  suitable,  placed  at  the  bottom  of  the 
box.  It  should  be  applied  at  such  a  rate  that  the  transformer 
coils  will  be  maintained  at  approximately  90° C.  (i94°F).  Care 
should  be  taken  to  protect  the  transformer  from  direct  radiation 
from  the  heaters.  Care  must  also  be  taken  to  see  that  there  is 
no  inflammable  material  near  the  heaters  which  may  catch  fire. 
This  method  of  drying  out  has  an  advantage  over  the  method 
outlined  in  (a)  in  that  direct  current  may  be  used  for  heating. 

Instead  of  placing  the  heater  inside  the  box  containing  the 
transformer,  it  may  be  placed  outside  and  the  heat  carried  into 
the  box  through  a  suitable  pipe.  AMiere  this  plan  is  used  the 
heat  may  be  generated  by  the  direct  combustion  of  gas,  coal  or 
wood,  kilt  none  of  the  products  of  combustion  should  be  allozved  to 
enter  the  box  containing  the  transformer.  Heating  by  direct  com- 
bustion is  not  advised  except  in  case  where  electric  current  is 
not  available. 

(c) — Internal  and  external  heat. 

The  transformer  should  be  placed  in  a  wooden  box  as  in 
{b)  and  external  heat  applied,  wdiile  at  the  same  time  a  small 
amount  of  current  is  circulated  through  the  transformer  wind- 
ings. The  method  of  circulating  the  current  should  be  the  same 
as  given  in  (a)  and  the  method  of  applying  the  external  heat  the 
same  as  given  in  [b).  The  current  should,  of  course,  be  consid- 
erably less  than  when  no  external  heat  is  used,  the  value  being 
determined,  to  a  certain  extent,  bv  the  amount  of  external  heat 
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ap])lie(l.  Tliis  method  is  used  occasionally  where  direcl  current 
only  is  available,  a  certain  amount  of  current  being-  passed 
through  the  high-tension  winding  only,  as  the  low-tension  wind- 
ing is  ordinarily  wound  for  so  heav}'  a  current  that  it  cannot  be 
obtained  economically  from  a  direct-current  circuit. 

The  length  of  time  the  drying-out  should  be  continued  will 
depend  largely  upon  the  condition  in  which  the  transformer  is 
received,  and  unless  in  very  bad  shape,  a  week's  run  should  be 
sufficient  to  put  the  transformer  in  good  condition.  In  certain 
cases,  however,  it  has  been  found  necessary  to  continue  the  run 
for  a  somewhat  longer  time. 

It  will  be  found  that  wdien  the  current  is  first  applied  and  the 
transformer  heats  up  the  msulation  resistance  will  drop  very 
rapidly,  until  the  desired  temperature  is  reached;  then,  as  this 
temperature  is  maintained  constant,  the  resistance  will  graduall}' 
increase.  It  will  also  be  found  that  variations  from  a  constant 
temperature  will  cause  wide  changes  in  resistance.  Resistance 
readings  should  be  made  every  few  hours  and  the  drying  con- 
tinued until  the  resistance  no  longer  increases,  or  increases  at  a 
very  slow  rate. 

Precautions  to  he  Observed — In  order  to  dry  out  the  transform- 
er, it  is  necessary  to  maintain  it  at  a  temperature  which  ap- 
proaches the  point  where  fibrous  materials  deteriorate.  Great 
care  must,  therefore,  be  observed  during  the  wdiole  period  of  dry- 
ing out  to  see  that  the  temperature  does  not  reach  a  value  much 
in  excess  of  90°C. 

For  measuring  the  temperature  of  the  transformer  coils, 
several  thermometers  should  be  used.  These  should  be  placed 
well  in  between  the  coils,  near  the  top  of  the  transformer,  and 
screened  from  air  currents,  so  that  they  will  indicate  the  maxi- 
mum temperature  of  the  windings.  As  the  temperature  will  rise 
quite  rapidly  at  first,  it  is  necessary  to  watch  the  thermometers 
carefully  to  see  that  the  maximum  allowable  temperature  is  not 
exceeded. 

As  the  transformer  is  soaked  with  oil.  on  account  of  the  test 
which  it  receives  in  the  works,  the  material  is  in  an  inflammable 
condition,  and  while  hot  it  may  be  ignited  very  easily  by  a 
very  small  arc  or  from  a  blaze  of  any  kind.  Before  beginning 
the  drying  out,  it  is  well  to  have  some  chemical  extinguisher,  or 
at  least  a  supply  of  sand,  at  hand,  which  may  be  used  in  case  of 
necessity.  In  general,  it  is  not  safe  to  attenipt  the  drying  out  of 
transformers  nnless  constant  attention  can  be  giz'cn  to  them. 


GAS    POWER-PLANTS 

A   r,ecture  Delivered  Before    The  Klectkic  Club,  November,   1903 

By  A.  M.  GOW 

The  snjM-cniacy  which  the  steam  engine  has  held  for  so  many 
years  as  a  prime  mover  is  at  present  being  contested  by  the  steam 
turbine  and  the  gas  engine.  Like  the  steam  engine,  the  steam 
turbine  requires,  as  an  adjunct,  a  steam  boiler.  Each  converts 
into  work  a  portion  of  the  heat  generated  by  the  combustion  of 
fuel  in  the  boiler  furnaces.  The  gas  engine  differs  fundamentally 
from  these  two  forms  of  prime  movers,  in  that  the  combustion 
and  consequent  generation  of  heat  takes  place  immediately  in  the 
cylinder  in  which  a  portion  of  that  heat  is  converted  into  work. 
The  remarkable  economy  of  fuel,  which  is  readily  attained  by 
gas  engines,  insures  their  extensive  use  in  larger  and  larger  sizes, 
and  their  general  adoption  as  sources  of  power  in  central  stations 
within  the  comparatively  near  future.  In  many  places  water 
economy  is  as  important  a  feature  of  a  power-plant  as  fuel  econ- 
omy, and  here  the  gas  engine  has  a  decided  advantage  over  the 
steam  engine  or  the  steam  turbine.  Furthermore,  the  dispensing 
with  steam  boilers  under  high  pressure,  with  the  usual  danger 
and  heavy  cost  of  maintenance,  is  an  advantage  that  will  be  much 
appreciated  by  i)o\ver-users.  The  gas  engine,  as  a  machine,  is  as 
reliable  as  the  steam  engine.  The  engine  and  the  accompanying 
gas-producing  plant  require  no  more  skill  nor  higher-class  labor 
for  their  operation  than  do  a  battery  of  boilers  and  a  steam 
engine.  In  fact,  in  those  cases  where  the  user  of  power  gets  his 
gas  from  gas  mains,  and  does  not  manufacture  it  himself,  the 
labor  item  is  greatly  reduced.  Economy  of  space  is  also  effected 
by  the  use  of  gas  engines,  for  while  the  gas  engine  is  a  larger 
machine  for  a  given  horse  power  than  the  steam  engine,  this  is 
more  than  offset  by  dispensing  with  the  steam  boiler. 

In  short,  the  gas  engine  stands  for  economy — economy  in 
fuel,  water,  labor,  space  and  maintenance.  As  to  first  cost  of 
installati(jn,  in  most  cases,  there,  too,  the  gas  engine  has  the 
achantage  ;  but  even  where  the  first  cost  is  much  higher  for  the 
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gas  engine  installation,  the  power-user  may  (le])en(l  upon  it  that 
the  economies  effected  will  pay  big  interest  on  the  increased  in- 
vestment. Getting  rid  of  steam  boilers  eft'ects  a  saving  on  the 
wear  and  tear  of  the  nervous  system,  incident  to  the  mainte- 
nance of  a  "magazine  of  explosive  energy;"  but  it  is  rather  diffi- 
cult to  make  even  an  approximate  financial  estimate  of  this  item 
of  economy. 

The  problem  which  confronts  the  engineer  wdio  contemplates 
the  installation  of  a  gas  power-plant  is  not  to  obtain  a  satisfactory 
engine  but  to  obtain  a  satisfactory  gas.  A  gas  engine  will  operate 
successfully  upon  almost  any  mixture  of  gases  containing  from 
loo  to  I, GOG  British  thermal  units  to  the  cubic  foot.  The  only  es- 
sential is  that  the  gas  should  be  clean — that  is.  free  from  dust  or 
condensible  vapors,  which  will  make  trouble  with  the  igniters, 
valves  and  packing  rings.  A  gas  which  is  piped  for  general  dis- 
tribution for  illuminating  or  heating  purposes  is  always  clean 
enough  for  gas  engine  use ;  and  such  gas  is  admirably  adapted  for 
use  in  gas  engines.  Bvit  except  in  those  places  where  bounteous 
Nature  has  been  lavish  in  her  supply  of  natural  gas,  such  gas  is 
too  high  in  cost  to  warrant  its  use  for  any  but  small  installations. 
Natural  gas  is  an  ideal  fuel  for  use  in  gas  engines,  and  it  is  not 
probable  that  any  artificial  gas  will  ever  be  manufactured  possess- 
ing all  the  desirable  characteristics  of  the  natural  product.  Tw-enty 
years  ago  natural  gas  in  the  Pittsburg  district  was  nearly  as  cheap 
as  air,  and  the  mistaken  idea  that  the  supply  was  inexhaustible, 
together  with  crude  methods  of  distribution  and  use,  led  to  its 
most  extravagant  waste.  At  that  time  the  gas  engine  had  not 
been  developed  in  large  sizes.  Now  that  the  gas  engine  has  been 
developed  the  supply  of  gas  has  seriously  diminished,  wdth  a 
corresponding  increase  of  price,  and  promise  of  further  increase 
in  the  future.  The  field,  therefore,  for  the  use  of  gas  engines 
with  natural  gas  is  a  limited  one,  and  one  which  in  all  probability 
will  narrow  rather  than  broaden. 

The  ordinary  illuminating  gas.  distributed  in  all  cities,  is  all 
that  can  be  desired  as  fuel  for  a  gas  engine,  but  its  high  price 
makes  it  out  of  the  question  for  large,  central  i>ow'er-])lants.  For 
comparatively  small  installations  it  is  already  in  great  favor,  and 
is  coming  more  and  more  into  use.  In  many  cases  the  economies 
above  recited,  incident  to  the  use  of  gas  engines,  more  than  offset 
the  increased  cost  of  illuminating  gas  over  the  cost  of  coal  fired 
under  a  boiler. 
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Illuminating;-  i^as  is  derived  from  coal  by  two  processes,  both 
of  which  are  in  general  use.  In  the  older  and  original  process, 
bituminous  coal  is  charged  into  retorts  set  in  a  "bench."  These 
retorts  are  maintained  at  a  red  heat  by  the  combustion  of  fuel  in 
a  furnace  located  near  the  liottom  of  the  "bench."  The  volatile 
matter  of  the  coal,  consisting"  of  gases  and  vapors,  is  distilled 
from  the  coal  in  the  retorts  and  passes  through  suitable  scrub- 
bers and  purifiers,  whereby  the  condcnsible  vapors  and  the  im- 
purities, such  as  ammonia  and  sulphur  compoimds,  are  removed. 
It  is  then  suitable  for  distribution  as  illuminating  gas.  The  non- 
volatile portion  of  the  coal  is  removed  from  the  retorts  as  coke, 
and  the  retorts  charged  again  with  a  fresh  charge  of  coal.  This, 
in  general,  is  the  ])rocess  of  making  "bench"  or  distilled  gas.  The 
other  process  converts  the  coke  left  from  the  "bench"  gas  pro- 
cess into  gas.  This  is  known  as  the  "water  gas  process."  It  de- 
pends for  its  operation  upon  the  fact  that  when  incandescent  car- 
bon is  brought  into  intimate  contact  with  steam,  the  steam  is  de- 
composed into  oxygen  and  hydrogen  ;  the  oxygen  combining  with 
the  carbon  to  form  carbonic  acid  gas  and  carbonic  oxide  gas, 
while  the  hydrogen  remains  as  free  hydrogen.  Inasmuch  as  car- 
bonic acid  is  incombustible,  wdiile  carbonic  oxide  is  combustible," 
the  apparatus  should  be  operated  in  such  a  manner  as  will  pro- 
duce as  large  a  percentage  of  carbonic  oxide  and  as  small  a  per- 
centage of  carbonic  acid  as  possible.  To  accomplish  this  result 
the  two  recjuirements  are  skill  and  temperature.  The  resulting 
"water  gas,"  composed  of  hydrogen,  carbonic  oxide  and  carbonic 
acid,  burns  with  a  blue  flame,  and  is  not  suitable  for  distribution 
as  an  illuminating  gas.  Consequently  there  is  added  to  it  a  per- 
centage of  gas  derived  from  oil  which  burns  with  an  intensely 
luminous  flame.  The  final  mixture  of  water  gas  and  oil  gas  is 
known  as  "carburetted  water  gas."  Straight  water  gas,  without 
the  addition  of  oil  gas.  is  not  well  adapted  for  use  in  gas  engines. 
The  large  percentage  of  hydrogen  which  it  contains  makes  it  very 
"snappy,"  and,  as  a  result,  it  becomes  difficult  to  control  the 
exact  time  of  ignition  in  the  engine  cylinder.  The  presence  of 
the  oil  gas,  while  increasing  the  total  heat  content,  retards  the 
combustion ;  that  is  to  say,  the  rapidity  of  combustion  of  water 
gas  is  much  greater  than  that  of  oil  gas;  consequently  the  rapid- 
ity of  couibustion  of  water  gas  is  retarded  by  the  admixture  of 
the  oil  gas. 

In  this  connection  it  might  be  well  to  note  the  relative  action 
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of  steam  and  gas  in  an  engine  cylinder.  Steam  is  admitted  to 
the  cylinder  under  boiler  pressure  and  this  pressure  is  maintained 
until  the  "point  of  cut  off"  is  reached ;  then  the  steam  expands. 
In  the  gas  engine  there  is  no  ''point  of  cut  off."  The  explosive 
mixture  of  gas  and  air  is  compressed  and  then  ignited.  An  ex- 
plosion results  with  a  consequent  sudden  increase  of  pressure. 
The  indicator  card  shows  no  "admission  line"  of  pressure  with 
subsequent  cut  oft".  The  card  resembles  a  "no  load"  card  of  a 
steam  engine.  Now  it  is  evident  thnt  if  the  gas  in  the  cylinder 
burned  slowly  and  its  combustion,  with  consequent  generation  of 
heat  and  pressure,  extended  over  an  appreciable  increment  of 
time,  the  card  would  more  resemble  a  steam  engine  card  with 
early  cut  off,  and  the  initial  pressure  would  not  be  as  high  as  if 
the  explosion  had  taken  place  instantaneously.  It  is  evident, 
therefore,  that  a  gas  which  burns  slowly  is  better  adapted  for  gas 
engine  use  than  one  whose  combustion  is  almost  instantaneous — 
such  as  hydrogen.  Straight  water  gas  contains  such  a  high  per- 
centage of  hydrogen  that  its  combustion  is  extremely  rapid.  ]vlix 
some  slow  burning  oil  gas  with  it  and  the  combustion  of  the 
whole  is  sufficiently  retarded  to  give  excellent  results  in  the  en- 
gine cylinder.  But  it  must  not  be  understood  from  the  above 
that  it  is  possible  to  so  retard  the  combustion  of  an  explosive  mix- 
ture of  air  and  gas  in  an  engine  cylinder  that  the  pressure  shall 
remain  uniform  through  any  great  part  of  the  stroke,  and  the  re- 
sulting card  show  a  "line  of  combustion"  like  a  "line  of  admis- 
sion" on  a  steam  engine  card. 

The  gas  which  escapes  from  the  top  of  a  blast  furnace  during 
the  operation  of  reducing  iron  ore  to  metallic  iron  is  well  adapted 
for  use  in  gas  engines.  It  is  very  low  in  calorific  value,  having, 
as  a  rule,  not  more  than  one-sixth  the  heat  units  contained  in 
illuminating  gas  and  not  more  than  one-tenth  those  contained  in 
an  equal  volume  of  natural  gas.  In  Europe  great  progress  has 
been  made  in  the  use  of  this  gas  for  power  purposes,  and  it  is  per- 
fectly safe  to  say  that  the  next  few  years  will  see  blast  furnace 
gas  extensively  used  in  this  country  for  the  generation  of  power. 

All  that  it  requires  to  render  it  suitable  for  use  in  engines  is 
to  cool  it  and  clean  it  from  the  dust  and  particles  of  fine  iron  ore 
which  it  contains  upon  leaving  the  furnace.  But  the  use  of  this 
gas  demands  that  the  engines  be  placed  somewhere  in  the  neigh- 
borhood of  the  furnace ;  and  if  it  were  desired  to  install  a  power- 
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plant  in  the  heart  of  New  York  City,  it  would  not  be  practicable 
to  install  a  blast  furnace  to  produce  the  gas  for  power  and  have 
the  pig  iron  as  a  by-product.  Nevertheless,  Pittsburg's  blast  fur- 
naces may  yet  operate  her  trolley  lines. 

In  the  manufacture  of  coke  from  bituminous  coal  there  is  of 
course  an  enormous  evolution  of  gas.  In  the  ordinary  bee-hive 
coke  oven  no  attempt  is  made  to  save  this  gas.  In  the  "by-pro- 
ducts" coke  oven,  however,  a  portion  of  the  gas  is  saved,  and 
this  gas  is,  for  use  in  gas  engines,  the  equivalent  of  bench  gas. 
The  Connellsville  coke  region,  as  a  place  for  the  generation  of 
power,  has  in  it  all  the  possibilities  of  a  Niagara. 

In  regions  where  crude  oil  is  abundant  and  cheap  it  becomes 
commercially  possible  to  make  an  oil  gas  that  works  well  in  a  gas 
engine ;  but  such  regions  are  rare.  Oil  for  fuel  must  'be  of  very 
limited  application. 

Inasmuch,  therefore,  as  natural  gas,  illuminating  gas,  blast 
furnace  gas,  coke  oven  gas  and  oil  gas  are  of  limited  application 
for  power  purposes,  the  engineer  who  contemplates  the  installa- 
tion of  a  large  central  power-plant  using  gas  engines  is  usually 
compelled  to  fall  back  on  the  same  fuel  he  would  use  in  case  he 
installed  steam  engines,  namely,  coal.  And  the  problem  becomes : 
What  is  the  best  means  to  produce  from  coal  a  gas  suitable  for 
gas  engines?  There  can  be  but  one  answer  to  this  question: 
make  straight  producer  gas  in  a  gas  producer. 

When  air  is  passed  through  a  deep  body  of  fuel,  the  combus- 
tion is  incomplete. 

Now,  complete  combustion  of  carbon  produces  carbonic  acid, 
which  is  an  incombustible  gas.  Incomplete  combustion  produces 
carbonic  oxide,  which  is  a  combustible  gas. 

This  carbonic  oxide  may  be  removed  from  the  producer  in 
which  it  is  formed,  cooled  and  cleaned  and  used  in  a  gas  engine. 
Of  course,  the  inert  nitrogen  of  the  air  accompanies  the  carbonic 
oxide  and  serves  only  as  a  diluent.  The  partial  combustion  of  the 
fuel  generates  heat  and,  unless  something  were  done  to  keep  the 
temperature  down,  the  producer  would  get  too  hot  and  the  ash 
would  fuse  to  clinker.  So  it  is  customary  to  add  steam  with  the 
air  entering  the  fuel  bed.  This  steam  serves  to  prevent  clinker- 
ing,  and  in  addition,  some  of  it  is  decomposed.  The  producer 
gas  thus  made  also  contains  some  hydrogen,  derived  from  the 
volatile  constituents  of  the  coal. 
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It  will  be  seen,  therefore,  that  the  process  of  making  pro- 
ducer gas  is  an  extremely  simjile  one.  I'he  commonest  form  of 
producer  is  a  cylindrical  shell,  lined  with  tire  brick,  with  means 
for  the  introduction  of  coal  at  the  top  and  air  and  steam  at  the 
bottom.  The  ashes  are  remcned  from  the  bottom.  The  fuel 
bed  is  maintained  from  four  to  si.x  feet  deep.  The  gas  passes  ott 
from  above  the  fuel  at  the  top  of  the  ]u-()ducer.  It  is  customary 
to  use  steam  tmder  ])resstire,  and  by  means  of  an  injector  cause 
the  steam  to  entrain  the  necessary  air.  If  desired,  the  air  may 
be  introduced  by  means  of  a  fan,  and  steam  pressure  avoided. 
The  process  is  a  continuous  one.  Coal  is  charged  as  often  as 
needed ;  the  ash  may  be  removed  with  the  producer  in  operation 
and  a  constant  qtiantity  of  gas,  of  uniform  quality,  prtxluced. 
Gas  made  by  this  process  from  coal  will  vary  from  120  to  150 
B.  T.  u.  per  cubic  foot.  Consequently  it  is  not  adapted  for  pur- 
poses of  distribution,  being  too  low  in  calorific  value  ;  but  it  is  an 
excellent  gas  for  use  in  gas  engines.  Soft  coal,  hard  coal,  coke 
or  wood  may  be  used  as  fuel.  Upon  leaving  the  producer  the 
gas  is  always  hot  and  dirty.  It  must  be  cooled  and  cleaned  be- 
fore it  can  be  used  in  the  engine.  The  cooling  is  a  comparatively 
simple  matter,  but  the  removal  of  the  dirt  is  a  more  difificult  one. 
If  hard  coal  or  coke  is  the  fuel,  the  gas  is  comparatively  clean, 
and  by  merely  passing  it  through  a  static  scrubber — an  iron  shell 
filled  with  wooden  grids,  over  which  water  trickles — the  fine  par- 
ticles of  dust  may  be  removed.  But  if  the  fuel  is  soft  coal,  the 
gas  contains,  in  addition  to  dust,  a  large  amount  of  tar  and  heavy, 
condensible  vapors,  derived  from  the  volatile  matter  of  the  coal. 
If  allowed  to  go  to  the  engine,  the  tarry  vapors  will  cause  serious 
trouble.  \\'hile  there  is  one  form  of  internal  combustion  engine 
which  consumes  oil  directly  in  the  cylinder,  the  gas  engine  proper, 
as  constructed  now%  will  not  operate  successfully  on  gas  contain- 
ing a  heavy,  tarry  vapor.  The  tar  vapors  must  be  condensed  and 
removed  from  the  gas. 

The  devices  for  accomplishing  this  are  legion,  and  their  nmn- 
ber  is  rapidly  increasing.  Such  devices  are  called  "scrubbers,"' 
and  they  are  of  tw^o  general  types — stationary  or  static  scrubbers 
and  revolving  scrubbers ;  and  the  revolving  scrubbers  are  of  two 
general  types — slowly  revolving  or  "washer  scrubbers."  and 
swiftly  revolving  or  "centrifugal  scrubbers."  The  only  objection 
to  the  static  scrubbers  is  their  large  size  and  the   dif^culty  of 
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cleaning-  them.  They  are  thoroughly  efficient,  and  in  general  use 
on  a  large  number  of  comparatively  small  installations.  But  there 
is  a  strong  demand  for  a  small,  self-cleaning  scrubber,  especially 
adapted  for  use  in  large  power-plants.  The  slowly  revolving 
"washer  scrubbers,"  in  connection  with  tar  extractors,  are  exten- 
sively used  for  cleaning  illuminating  gas,  wdiich  is  heavily  charged 
with  tar  upon  leaving  the  retorts.  But  they  are  large,  cumber- 
some machines,  and  do  !iot  fill  the  requirements  of  a  scrubber  for 
cleaning  producer  gas  derived  from  soft  coal  for  engine  use.  Many 
attempts  have  been  made  to  produce  a  high-speed  centrifugal 
scrubber  which  will  remove,  not  only  tar,  but  any  fine  dust  the 
gas  may  contain.  Operating  on  blast  furnace  gas,  such  centri- 
fugal scrubbers  have  met  with  considerable  sticcess,  but  there  is 
not  in  general  use,  at  this  writing,  a  thoroughly  satisfactory  cen- 
trifugal scrubber  which,  with  the  expenditure  of  a  small  amount 
of  power,  will  thoroughly  clean  producer  gas.  So  many  attempts 
are  being  made  on  this  line,  and  the  experiments  have  met  with 
so  much  success  as  to  leave  no  doubt  that  such  a  device  will  be 
perfected  in  the  very  near  future. 

But  the  tar  represents  so  large  a  percentage  of  the  heat  value 
of  soft  coal  and  is  such  objectionable  stuft"  to  handle  that  many 
attempts  have  been  made  to  evolve  a  producer  that  will  gasify  the 
tar  and  produce  a  gas  practically  free  from  it.  This  is  a  consum- 
mation devoutly  to  be  wished,  and  when  it  is  accomplished,  as  it 
surely  will  be,  the  gas  engine  business  will  receive  a  wonderful 
impetus.  All  that  is  needed  now  is  a  gas  producer  Avhich  will 
render  into  a  "fixed  gas"  the  volatile  constituents  of  soft  coal. 
The  Patent  Office  is  a  veritable  grave  yard  wherein  such  devices 
lie  buried.    \^ery  few  of  them  will  ever  be  resurrected. 

Tar  vapors  can  be  very  effectively  broken  up  int,o  their  con- 
stituents, hydrogen  and  carbon,  by  passing  them  through  hot 
coke.  Therefore  it  has  been  proposed  to  connect  a  coke  chamber 
to  a  producer  and  pass  the  dirty  gas  from  the  producer  through 
the  hot  coke ;  to  insure  a  supply  of  hot  coke  have  two  chambers 
and  use  them  alternately,  one  being  blown  hot  while  the  other  is 
in  use.  Fairly  successful  results  in  breaking  up  the  tar  vapors 
have  been  attained  by  working  the  producer  downward  instead 
of  upward,  as  is  usual,  whereby  the  vapors  first  driven  off  from 
the  fresh  charge  of  fuel  are  compelled  to  pass  through  the  mass  of 
partly  coked  fuel  below.  Producers  have  been  built  in  pairs,  with 
reversing  valves,  so  arranged  that  the  gas  made  in  one  producer 
would  have  to  pass  down  through  the  other.     After  a  suitable 
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period  of  time  the  valves  would  be  reversed  and  the  operation 
conducted  in  the  opposite  direction.  It  has  been  proposed  to 
withdraw  the  gas  from  the  middle  of  a  very  deep  fuel  bed,  the 
upper  half  of  which  is  working  downward  and  the  lower  half  up- 
ward. These  are  only  a  few  of  the  many  schemes  devised  to 
solve  this  apparently  simple  problem.  The  fact  remains  that 
there  is  not  on  the  market  to-day  a  thoroughly  satisfactory  pro- 
ducer wdtich  will  make  clean  producer  gas,  free  from  tar,  from 
soft  coal.  To  be  "thoroughly  satisfactory"  such  a  producer  should 
be  extremely  simple  in  mechanical  construction  and  be  capable 
of  continuous  operation,  without  the  necessity  for  a  shut  down 
for  removal  of  ash  or  clinker  and  run  week  in  week  out  without 
being  emptied.  It  is  the  lack  of  such  an  ideal  producer  that 
stands  in  the  way  to-day  of  the  general  adoption  of  the  gas  en- 
gine. 

But  because  the  ideal  scrubber  and  the  ideal  producer  for  use 
with  soft  coal  have  not  as  3"et  been  fully  developed  is  no  reason 
for  hesitancy  in  installing  gas  power-plants.  If  hard  coal  is  avail- 
able for  fuel  tlie  plant  is  simpler  and  easier  of  operation  than  a 
steam  boiler  and  engine  plant  of  the  same  size.  Thoroughly 
reliable  gas  prodticers  are  on  the  market  which,  operated  in  con- 
nection with  the  most  economical  type  of  engine,  will  give  a  com- 
bined thermal  efficiency  for  the  entire  plant  of  twenty  per  cent. 
That  is  to  say,  a  modern  gas  engine  and  producer  plant  will  con- 
vert into  useful  "Vvork  one-fifth  of  the  heat  contained  in  the  coal. 
Depending  upon  the  size  of  the  plant  and  the  quantitv  of  the  coal, 
the  coal  consumption  per  horse-power  hour  will  vary  from  one 
pound  to  one  pound  and  a  quarter.  Now  a  steam  plant  that  Avill 
deliver  a  horse  power  for  two  pounds  of  coal  per  hour  must  be 
of  the  most  economical  type  and  in  the  best  condition.  Three 
pounds  of  coal  per  horse-power  hour  is  considered  good  work  and 
the  steam  plants  that  attain  it  are  exceptional  ones.  The  gas 
from  hard  coal  is  very  easily  cleaned  in  static  scrubbers  that  are 
inexpensive  to  build  and  require  very  little  attention.  Such  plants 
are  in  use  and  giving  entire  satisfaction. 

If  hard  coal  is  not  available  and  soft  coal  must  be  used  the 
question  of  scrubbing  is  a  more  serious  one.  The  tar  represents 
some  thermal  loss.  The  scrubbers  must  be  large  and  easily  clean- 
ed. But  even  with  these  objections  the  plant  as  a  whole  is  much 
more  economical  than  a  steam  plant  of  the  same  size,  and  fully  as 
easy  to  operate. 

On  the  opposite  page  will  be  found  a  table  giving  typical 
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analyses  of  the  various  gases  available  for  use  in  gas  engines,  the 
oxygen  and  the  air  reciuired  for  theoretical  combustion  and  the 
b.t.u.  contained  in  one  cubic  foot  of  the  gas  mixed  with  the  theo- 
retical amount  of  air  re({uired  for  its  combustion.  From  the  last 
column  of  this  table  it  will  be  seen  that  the  thermal  value  of  the 
gas  is  by  no  means  a  measure  of  the  number  of  the  thermal  units 
contained  in  a  given  volume  when  the  gas  has  been  mixed  with 
the  requisite  quantity  of  air  to  insure  its  combustion.  For  in- 
stance ;  one  cubic  foot  of  a  mixture  of  natural  gas  and  the  theo- 
retical amount  of  air  required  for  its  combustion  will  contain  91 
B.  T,  u.  A  mixture  of  blast  furnace  gas  and  the  theoretical  amount 
of  air  required  for  its  combustion  will  contain  53  b.  t.  u.  Yet  a 
cubic  foot  of  natural  gas  contains  more  than  ten  times  the  b.  t.  u. 
contained  in  a  cubic  foot  of  blast  furnace  gas.  The  reason  is  evi- 
dent:  It  takes  9.73  cubic  feet  of  air  to  supply  the  oxygen  neces- 
sary to  consume  one  cubic  foot  of  natural  gas  and  only  .yz  cubic 
feet  for  a  cubic  foot  of  blast  furnace  gas,  the  gases  being  of  the 
analysis  given.  Furthermore,  to  insure  complete  combustion  in 
the  engine  cylinder  it  is  necessary  that  an  excess  of  air,  beyond 
the  theoretical  requirement  be  provided ;  and  the  higher  the  cal- 
orific value  the  greater  the  excess.  In  practice  it  is  found  that  an 
engine  when  using  gas  of  very  low  calorific  value  will  develop 
seventy-five  per  cent  of  the  load  which  can  be  developed  when 
using  gas  of  the  highest  calorific  value.  Consequently  the  use  of 
low  grade  gas  demands  but  a  slight  increase  of  c}dinder  diameter 
over  the  diameter  required  when  using  high  grade  gas,  to  develop 
a  given  horse-power. 

The  gas  engine  and  the  producer  plant  to  produce  gas  from 
any  grade  of  fuel  have  passed  the  experimental  stage.  They  are 
not  engineering  possibilities ;  they  are  engineering  achievements. 
The  use  of  power,  contemplating  the  erection  of  a  new  plant  or 
desiring  to  secure  economies  over  existing  ones,  should  consider 
the  installation  of  gas  engines;  and  the  engineer  who  desires  to 
familiarize  himself  with  the  most  economical  means  for  the  gen- 
eration of  power  from  fuel  should  keep  in  touch  with  the  rapid 
development  now  being  made  in  gas  engineering. 


MAN-POWER 

The  Major  Portion  of  an  Address  Before   The  Electric  Club,     May,   1903 

By  T.  G.  FRENYEAR 

\\'hat  interests  us  to-night  is  not  the  horse-power  of  water- 
falls and  engines,  but  a  kind  of  power  that  pertains  only  to  living 
beings  possessed  of  will,  which  for  lack  of  a  better  name  we  will 
call  Man-Power. 

These  are  the  days  when  the  most  effective  power  resides 
elsewhere  than  in  the  muscular  tissues.  Its  presence  in  a  man 
we  can  discover  only  by  what  he  does  and  his  manner  of  doing  it. 

The  power  of  which  we  speak  is  not  authority,  though  au- 
thority usually  involves  power  and  is  often  called  power ;  but  the 
vital  eft'ective  quality,  real  power,  is  exercised  irrespective  of  au- 
thority; it  transcends  all  ordinary  limitations  ;  there  is  in  it  a  com- 
pelling element,  a  necessity  which  cannot  be  held  down.  Those 
who  seek  positions  of  authority  in  order  to  exercise  the  power 
they  crave  would  better  look  within  and  develop  within  them- 
selves such  forces  and  power  as  will,  by  necessity,  be  effective 
when  developed,  whatever  the  outward  relations  of  the  individual 
may  be.  How  often  is  it  to  be  found  that  the  real  force,  the  most 
powerful  man  in  a  community,  is  not  the  mayor,  but  some  quiet 
unofficial  person,  the  still  waters  of  whose  influence  run  very 
deep. 

It  does  not  take  a  great  experience  of  life  to  convmce  us  that 
effectiveness  and  success  are  not  measured  by  physical  strength, 
by  intellectual  acuteness,  nor  by  opportunity.  Some  of  the  bright- 
est minds  in  our  college  classes  have  failed  to  make  any  adequate 
impression  on  their  times.  On  the  other  hand  some  of  the  men 
who  have  accomplished  great  things  in  the  world  have  been  simple 
men  of  moderate  abilities,  but  have  been  endowed  with  a  tremendous 
energy.  Their  lives  have  been  devoted  to  the  purposes  chosen  for 
themselves.  In  the  words  of  Phillips  Brooks,  himself  a  masterful 
man  and  close  to  the  divine  source  of  power — "It  does  not  take 
great  men  to  do  great  things  ;  it  only  takes  consecrated  men"  :  that 
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is,  devutt'd  men,  men  who  have  yielded  themselves  completely  to  an 
ennobling,  inspiring  power  greater  than  themselves. 

If  then  you  would  accomplish  something,  if  you  would  bring 
things  to  pass,  if  you  would  have  the  power  to  express  your  ideals 
in  your  work,  if  you  would  turn  your  visions  into  facts,  the  first 
essential  is  faith — belief  that  you  can.  The  world  has  little  use  for 
the  coward  ;  it  has  little  use  for  the  cynic  ;  but  it  has  work  enough 
to  do  for  the  man  who  is  brave,  believes  in  himself  and  is  not  afraid 
of  the  consequences  of  his  own  energy.  Believe  in  the  best  men, 
believe  in  your  best  self,  but  believe  in  soiiictliing.  Mere  doubters 
and  deniers  are  not  constituted  so  that  they  can  do  things ;  they 
are  a  negative,  minus  quantity;  not  positive,  plus. 

The  second  essential,  and  it  is  very  like  the  first,  is  getting  into 
right  relations  with  the  source  of  all  power. 

The  time  in  which  we  live  has  been  variously  called  the  age 
of  steam,  the  age  of  electricity,  the  age  of  machinery,  the  age  of 
organization.  Would  it  not  better  be  called  the  age  of  power,  that 
deep  and  broad  characteristic  of  the  time  of  which  steam,  electricity 
and  organization  and  even  life  itself  are  only  some  of  the  out- 
croppings  ? 

Can  it  be  that  there  is  more  power  in  the  world  now  than  in 
previous  ages  ?  The  conservation  of  energy  is  an  accepted  doctrine ; 
the  development  of  water-powers  and  the  multiplication  of  steam 
engines,  even  the  gas  engine  and  the  steam  turbine,  have  not  increas- 
ed the  energ}'  in  the  world  one  iota.  We  have  only  drawn  upon 
Nature's  exhaustless  reservoir ;  we  have  begun  to  harness  her  wild 
forces,  but  we  have  not  added  a  particle  to  her  power.  When  the 
rivers  of  earth  run  dry  and  its  fires  are  out,  somewhere  in  some 
form  will  throb  the  same  eternal  energy. 

It  is  not  quite  as  likely  to  be  true  that  the  energy  of  the  will, 
of  the  spirit,  is  a  constant  quantity  also ;  that  the  power  in  man  no 
longer  latent  but  dynamic,  which  has  made  use  of  the  forces  of 
nature,  which  has  organized  human  society,  which  has  produced 
great  literatures,  wdiich  has  built  marvelous  engineering  works,  is 
not  a  new  thing  in  the  universe,  but  only  a  new  and  various  mani- 
festation of  an  eternal  and  ever  constant  spirit  energy  ?  Emerson, 
though  writing  before  the  marvelous  developments  of  the  last  three 
decades,  says,  ''All  power  is  *  *  a  sharing  of  the  nature  of  the 
world.  The  mind  that  is  parallel  with  the  laws  of  nature  will  be 
in  the  current  of  events,  and  strong  with  their  strength." 
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Possibly  no  man  of  the  last  century  had  greater  influence  in 
uplifting  the  lives  of  young  men  than  Henry  Drummond  largely 
because  of  his  skillful  use  of  the  truths  of  science  to  illuminate  the 
life  of  the  Spirit  in  man.  I  believe  that  we  can  turn  the  tables ; 
that  likewise  the  common-places  of  religion  may  help  to  disclose 
the  source  and  the  means  of  exercising  personal  power.  Whether 
with  Spencer  we  acknowledge  the  "infinite  and  eternal  energy  from 
which  all  things  proceed,"  or  with  i\Iatthew  Arnold  a  "power  not 
ourselves  which  makes  for  righteousness,"  or  with  men  of  far 
different  temperament,  we  look  up  with  personal  devotion  to  an 
infinite  and  loving  Father,  is  it  not  altogether  probable  that  He 
is  the  source  of  all  personal  power,  no  matter  in  what  channel  or 
for  what  purpose  it  may  be  exercised,  that  He  is  the  limitless  reser- 
voir upon  ■\\hich  we  may  draw,  and  that  the  secret  of  developing 
power  ourselves  lies  in  right  relations  to  this  infinite  energy? 

]\Ian  mav  oppose  for  a  moment  the  mighty  forces  about  him, 
but  at  his  peril.  To  become  the  vehicle  of  power  he  must  yield 
himself  without  reserve  to  the  great  purposes  of  the  Infinite,  and 
he  will  suddenly  find  vast  forces  co-operating  with  him  so  that  even 
the  stars  in  their  courses  are  fighting  for  him,  not  against  him. 
One  of  the  characteristics  obviously  necessary  in  order  to  comply 
with  this  condition  is  rectitude,  straightness.  Our  faith  mav  be 
shaken  at  times  by  the  apparent  prosperity  of  the  mean  and  crafty, 
but  our  view  is  too  short :  the  tmiverse  is  against  them ;  truth  and 
Tightness  can  alone  win  what  is  enduring  and  worth  while. 

The  third  essential,  if  you  would  achieve,  is  work,  work, 
WORK,  ^^'ork  is  the  ]mtting  forth  of  strength  :  if  the  power  re- 
sides in  one  he  must  work.  As  Emerson  says,  "This  affirmative 
force  is  in  one  and  not  in  another,  as  one  horse  has  the  spring  in 
him  and  another  in  the  whip." 

Having  the  first  two  essentials,  work  is  the  farthest  removed 
from  drudgery ;  it  becomes  play,  because  we  are  grown  so  that  the 
activities  of  work  are  to  us  what  play  is  to  the  child :  we  reach  a 
consciousness  of  strength  such  that  the  most  strenuous  of  work 
flows  from  our  hands  and  brains  an  easy,_  natural,  powerful  stream. 
Work  is  hard  only  in  relation  to  the  strength  of  the  worker :  all 
work  becom.es  easy  to  him  who  draws  upon  unlimited  forces. 

It  is  obviously  necessary  to  draw  limitations  about  our  inc|uiry 
at  this  time  as  to  the  development  and  right  use  of  man-power.  Its 
manifestation  in  the  control  of  men,   especialh-  thri)ugh   industrial 
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org;anizatioii,  and  the  validity  of  this  control  in  a  democratic  so- 
cietw  has  appealed  to  me  as  of  timely  interest  to  ns  all. 

Is  not  power  over  fellow-men  a  dangerous  thin.G;?  Have  we 
not  strngg-led  for  two  centuries  and  more  to  throw  off  the  yoke? 
Are  we  not  in  America  to-day  free  and  equal,  at  least  m  ])art.  and 
striving-  to  be  as  to  the  rest?  Happily  we  live  in  an  age  when  the 
fetters  of  the  slave  have  been  broken  and  the  lordship  of  the  fevulal 
baron  is  long  past,  but  leadership  and  the  power  of  the  few  over 
the  many  are  quite  as  real  and  important  as  ever  before  in  the 
world's  history.  Things  must  be  done,  and  no  more  effective  way 
has  been  evolved  than  the  organization  and  exploiting  of  the  labor 
of  the  many  by  the  few  who  are  endowed  with  the  power  to  utilize 
them  in  carrying  cut  great  plans. 

But  obviously  the  democracy  in  which  we  pride  ourselves,  if 
it  is  to  be  more  than  a  name,  involves  the  freedom  of  the  individual 
will  to  an  extent  which  precludes  the  control  of  large  bodies  of  men 
by  the  command  of  authority  alone :  no  such  sanction  is  recognized 
except  in  necessarily  imdemocratic  organizations  like  the  army  and 
navy.  How  significant,  nevertheless,  that  the  present  era  of  almost 
universal  democracy  is  marked  an  expansion  of  social  and  in- 
dustrial organization  upon  a  scale  of  luagnitude  and  perfection 
never  before  conceived ! 

A  hundred  years  ago  the  units  engaged  in  production  and  dis- 
tribution were  small,  for  the  most  part  individuals,  and  the  tendency 
of  the  century  has  been  increasingly  toward  the  aggregation  of 
these  units  into  immense  organizations.  The  democratic  move- 
ment in  itself  was  largely  industrial  in  its  origin,  a  vigorous  re- 
action against  feudalism,  whose  worst  faults  were  economic  rather 
than  political.  Can  it  l)e  that  we  already  witness  a  reaction  against 
democracy  in  the  present  trend  to  combination  and  unification  of 
control  ?  Are  large  organizations,  political,  social,  or  industrial, 
under  the  control  of  a  single  person,  compatible  with  the  fullest 
exercise  of  freedom  guaranteed  by  a  democracy  ? 

Carlyle  tells  us  how  the  word  king  originally  signified  the  man 
of  exceptional  ability,  the  kon-ning.  kan-ning  man.  the  man  that 
can.  The  name  came  into  disrepute  with  us  democratic  moderns 
because  by  heredity  or  other  means  it  fell  to  men  who  were  not 
able,  who  could  not  maintain  its  traditions.  In  democracy  there  is 
still  just  as  much  need  for  the  man  w-ho  can,  but  he  is  no  longer 
called  king,  and  he  is  selected  by  natural,  not  artificial,  i)rocesses. 
And  in  a  democracy  his  methods  and  means  of  exercising  power 
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cannot  dci^enerate  without  ultimately  raisino-  np  in  his  stead  a 
man  who  better  can.  We  must  have  rulers,  men  of  power,  and 
thev  are  selected,  not  primarily  by  our  ballots,  but  by  the  inevitable 
cosmic  processes  of  evolution. 

How  must  executive  control  be  exercised  in  order  to  be  effec- 
tive and  vet  not  abhorrent  to  democracy  and  subversive  of  freedom  ? 
In  other  words,  what  is  the  true  principle  of  organization  in  a 
democratic  commtmity?     Getting  others  to  do  what  you  want 

DONE  WHILE  THEY  ARE  DOING  WHAT  THEY  THEMSELVES  WISH   TO  DO. 

Inspiring  others  with  a  desire  to  do  what  you  want  done,  not  driv- 
ing them  to  do  it.  Knowing  men,  setting  before  them  the  objects 
of  their  ambition  and  affection  in  the  line  of  your  own  purposes. 

At  first  this  may  seem  to  be  only  a  new  form  of  slavery  iti- 
geniously  devised  to  deceive  its  victims,  but  if  rightly  understood, 
it  is  farthest  from  that.  Such  organization  develops  men,  brings 
them  into  effective  relations,  is  like  building  a  useful  and  beautiful 
house  with  stones  and  bricks,  bv  themselves  of  no  use  and  little 
beauty.  This  organizing  ability  is  a  matter  of  power  and  may  be 
abused,  it  is  true,  for  a  time,  but  not  for  long:  it  is  essentially 
moral ;  we  who  are  made,  or  at  least  are  being  made,  in  the  image 
of  God,  come  nearest  to  His  likeness  in  organizing  and  doing  great 
things  with  the  aid  of  other  men  whose  wills  we  inspire,  and  by 
means  of  the  materials  and  forces  with  which  He  has  filled  the 
world  and  which  we  have  conquered.  This  is  little  short  of  crea- 
tion. 

But  how  about  the  many  who  are  used  by  the  powerful  few  ? 
Is  there  any  radical  difference  between  past  and  present,  despotic 
and  democratic  methods  of  control? 

Dew  and  rain  and  glorious  stmshine  are  necessary  to  the 
normal  growth  of  plants  beautiful  and  useful.  The  house-plants, 
shut-ins,  are  always  at  a  disadvantage,  and  would  not  grow  at  all 
but  for  artificial  watering  and  partial  sunlight.  Organization  along 
undemocratic  lines,  control  by  force,  or  by  command  ignoring  the 
wills  of  those  controlled,  constitutes  a  repression,  a  shutting-in, 
which  stunts  and  dwarfs  the  individual  life.  Then  the  artificial 
waterings  of  philanthropy  and  the  stained  glass  light  of  the  church 
are  necessary  to  save  even  a  remnant  of  manhood. 

But  the  instruments  of  true  organization  are  hope,  not  fear ; 
ambition,  not  despair:  love,  not  indift'erencc.  The  true  master  of 
men  appeals  to  the  higher  motives  and  aspirations:  creates  an  at- 
mosphere which  awakens  and  inspires:  is  big,  bold,  powerful,  and 
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attracts  and  attaches  to  liinisclf  tlie  wills  of  his  men.  His  purposes 
are  served  quite  as  much  by  those  who  are  unconscious  of  any 
allegiance  to  him  as  by  his  conscious  partisans  or  employees.  He 
does  not  vainly  complain  of  any  untoward  event,  but  is  always  alert 
to  take  advantage  of  every  change  and  circumstance.  He  is  a 
master  of  things  as  well  as  of  men ;  indeed,  forces,  things,  men, 
are  all  the  raw  material  out  of  which  he  builds  vast  structures, 
using  each  according  to  its  fitness  for  his  plan,  but  without  violat- 
ing cither  the  laws  of  matter  or  the  individuality  and  freedom  of 
man.  He  is  great  enough  to  know  that  men  can  be  of  great  use 
to  him  when  free  to  develop  to  the  fullest  extent. 

He  has  need  of  many  sub-leaders.  The  organization  of  to-day 
would  be  impossible  on  the  plan  of  half  a  century  ago,  when  it  was 
the  glory  of  the  employer  to  have  personal  relations  with  each  of 
his  men.  There  must  be  district  leaders,  and  ward  leaders,  and 
commanders  of  precincts.  Men  competent  to  control  a  district,  a 
shop,  a  room,  are  in  constant  demand,  and  true  organization  tends 
to  develop  such  men  and  put  them  in  positions  thev  are  fitted  to 
fill. 

It  has  been  said  that  great  business  establishments  fail  to  de- 
velop the  individual  because  they  destroy  in  a  larg'e  degree  indi- 
vidual initiative.  Such  a  statement  is  true  only  of  the  few  organiza- 
tions still  maintained  on  a  despotic  basis.  Even  in  the  case  of  army 
organization,  which  is  necessarily  despotic  in  character,  our  ::rmy 
is  said  to  be  superior  in  the  field  to  any  other  on  account  of  the 
superioritv  of  the  individual  units  in  zest  and  in  power  of  initiative 
when  by  some  fortune  of  war  the  men  are  left  to  their  own  re- 
sources. General  rules  there  must  be,  but  they  are  the  product  of 
a  long  evolution  and  framed  by  master  minds.  The  important 
point  is  that  the  members  of  a  large  industrial  organization,  each 
in  his  individual  sphere  and  under  the  general  direction  only  of 
the  owner  or  manager,  are  free  to  act  as  they  will.  In  other  words, 
each  is  charged  with  responsibility  for  a  certain  piece  or  kind  of 
work,  and  is  judged  by  results;  and  it  is  responsibility  which  de- 
velops character. 

Though  general  rules  are  necessary,  that  man  is  most  vaiual)le 
in  any  position,  who  can,  when  the  need  comes,  rise  above  all  ordi- 
nary regulations  and  himself  assume  rcsponsibilitv  and  initiate  new 
plans  and  policies. 

Elbert  Hubbard  in  a  recent  Philisfinc  tells  of  Tom  Potter,  the 
telegraph  operator  at  a  little  way  station,  who  one  wild  night,  when 
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wires  were  down  and  a  passenger  train  went  through  the  bridge, 
took  charge  of  the  dead,  cared  for  the  wounded,  settled  fifty  claims 
— drawing  on  the  Company  therefor — burned  the  wreckage,  sunk 
the  waste  iron  in  the  river  and  repaired  the  bridge  before  the 
Superintendent  arrived  on  the  scene.  "Who  gave  you  authority  to 
do  all  this?"'  demanded  the  Superintendent.  "Nobody,"  said  Tom, 
"I  assumed  the  authority.''  Next  month  his  salary  was  at  the  rate 
of  $5000.00  a  year.     ]\len  are  wanted  who  can  and  dare  do  things. 

This  story  of  Tom  Potter,  unquestionably  true  in  its  moral,  I 
had  doubted  as  a  statement  of  actual  fact  until  some  weeks  ago  I 
met  a  railroad  man  from  the  west,  who  told  me  he  knew  Potter 
very  well  and  who  verified  the  story  substantially  as  told  by  Hub- 
bard. 

Railroads  are  probably  the  best  organized  because  oldest  of 
cur  great  industrial  corporations,  and,  while  rigid  rules  are  neces- 
sarv  in  controlling  a  business  covering  so  vast  an  area,  each  head 
of  department,  division  superintendent,  track  master,  station  agent, 
and  train  conductor  is  free  and  supreme  in  his  sphere. 

The  most  conspicuous  examples,  however,  of  true  industrial 
organization  are  the  great  trusts  and  manufacturing  corporations, 
whose  existence  would  be  quite  impossible  without  the  practice  of 
those  higher  methods  of  democratic  control  wdiich  we  have  been 
considering.  The  most  potent  individual  factor  in  the  industrial 
life  of  this  country  is  doubtless  Mr.  J-  Pierpont  ^Morgan,  who  is 
not  even  a  director  in  some  of  the  corporations  he  controls  and  in 
nearly  all  of  them  some  other  than  he  is  the  titled  head.  Yet 
the  form  and  activities  of  many  large  railroad  and  manufacturing 
companies  to-day  are  what  he  has  thought  and  made  them.  H^ 
has  won  his  place  of  unexampled  power  by  using  other  men  on  a 
tremendous  scale,  by  being  stronger  than  they  and  impressing  his 
views  and  ideas  upon  them,  by  such  mental  vitality  that  he  has 
been  able  to  inspire  multitudes  of  lesser  men  with  such  portions  of 
his  vast  ideals  as  he  wished  them  to  create.  Are  they  his  servants? 
"^^es,  they  help  to  carry  out  his  plans,  but  it  is  not  unwillingly  or 
by  any  compulsion  that  they  do  his  bidding.  They  are  greater  men, 
more  truly  free,  because  of  their  association  with  and  allegiance  to 
him.  To  use  an  illustration  from  the  literature  of  religion,  Paul  of 
Tarsus,  whose  influence  in  shaping  modern  civilization  has  been  of 
the  first  order,  rejoiced  to  call  himself  the  bond-servant  of  Jesus 
Christ,  and  yet  he  went  about  the  work  of  a  servant  in  a  most 
masterfu.l   \\av,   with  unbounded  energv  and  enthusiasm. 
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Of  one  of  the  greatest  captains  of  industry  I  hesitate  to  speak 
here,  wliere  there  is  so  much  to  remind  us  of  his  interest  in  the 
\  oung-  men  Avho  are  to  carry  on  some  o'f  his  work.  He  is  in  control 
of  enormous  manufacturing  companies  in  both  hemispheres.  The 
workl  is  his  fiekl.  No  routine  duties  in  connection  with  any  of 
liis  score  of  companies  sap  his  energ^y ;  he  thinks,  others  act.  ]\Iore 
than  that ;  he  inspires,  a  liundred  think,  ten  thousand  act.  Some 
of  his  great  spirit  filters  down  through  all  the  org^anization,  yet  each 
man  has  his  area  of  responsibility  in  which  he  is  perfectly  free  to 
follow  his  own  work  in  his  own  way.  Such  a  policy  develops  men, 
broadens  them,  fits  them  for  higher  duties,  and  by  the  same  means 
secures  the  realization  of  a  great  man's  ideals.  It  is  using  other 
men,  including  their  wills,  in  the  execution  of  one's  plan. 

In  politics  the  effect  of  this  principle  is  somewhat  obscured  by 
the  power  of  spoils,  and  yet  partly  organization  and  the  evolution 
of  the  boss  are  a  general  fruit  of  democracy ;  and  the  boss  at  his 
best,  selected  by  natural  processes  for  his  unusual  power,  force, 
capacitv,  not  chosen  by  ballot  of  his  peers,  rules  precisely  upon  the 
same  lines  as  the  captains  of  industry  :  he  has  the  ability  to  think 
in  the  large  and  the  power  to  impress  multitudes  of  other  men  into 
his  service ;  and  his  success  is  in  direct  ratio  to  his  ability  to  do 
this  without  demanding  any  sacrifice  of  personal  freedom.  A  diffi- 
cult thing  to  do,  this  fitting  of  all  shapes  and  sizes  into  an  har- 
monious whole,  while  respecting  absolutely  the  individuality  of 
each  :  there  are  few  successful  bosses. 

In  his  autobiography,  Mr.  Booker  T.  Washington  says  he  has 
learned  to  disregard  the  old  maxim,  "If  you  want  anything 
done,  do  it  yourself,"  and  is  rather  guided  by  this,  "Do  nothing 
yourself  which  someone  else  can  do  as  well."  The  great  problem 
of  successful  organization  is  to  reduce  to  its  narrowest  limits  the 
area  of  those  things  which  one  must  do  himself,  and  to  enlarge 
correspondingly  the  zone  of  things  which  others  can  do  sufficiently 
well.  There  is  no  real  antagonism,  however,  between  the  two 
maxims  l\Ir.  Washington  quotes.  In  a  true  sense  he  does  the 
things  which  he  has  delegated  to  others.  This  is  apparent  if  the 
question  be  asked,  "Would  his  associates  and  assistants  do  those 
things  were  it  not  for  him?"  It  is  to  him  they  owe  the  opportunity. 
the  inspiration,  the  imparting  of  energy  which  have  widened  and 
deepened  their  lives  and  made  possible  their  doing  of  duties,  sub- 
ordinate, it  is  true,  to  him.  and  vet  on  much  higher  planes  of  true 
freedom  than  had  been  possible  without  him.     "Hitch  your  wagi^i 
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to  a  star."  savs  Emerson.  Xothing"  so  eiinolDles,  enlarges,  develops 
a  man  as  heartv  loyalty  to  one  greater,  stronger,  better  than  him- 
self. 

It  is  significant  that  the  same  age  which  has  seen  man's  re- 
spect for  the  individuality  of  his  fellows  reach  its  highest  develop- 
ment in  modern  democracy,  has  also  witnessed  his  greatest,  most 
marvelous  control  over  nature  and  men  for  his  own  purposes.  We 
are  being  made  in  the  image  of  God.  If  to  be  loyal  to  a  great  and 
good  man  is  to  open  the  door  to  growth,  how  much  more  will 
loyalt}-  to  the  Infinite  Spirit  quicken  all  the  springs  of  life.  And 
life  expresses  itself  along  the  parallel  lines  of  individuality  and  of 
loyalty  to  one's  Master.  But  we  have  seen  that  men  of  power — 
leaders,  true  "Kings" — get  things  done,  bring  their  plans  to  pass, 
by  using  those  who  serve  unconsciously  as  well  as  those  who  serve 
consciously  and  loyally.  Accomplishing  one's  purpose  by  using 
others  who  are  at  the  same  time  doing  what  they  will — what  else 
is  divine  sovereignty  than  that?  What  else  than  that  is  the  great- 
est, the  divinest  exercise  of  true  power  in  human  organization  ? 

All  honor,  then,  to  the  man  of  power :  he  is  an  under-captain 
to  whom  the  Great  Captain  has  committed  some  important  work. 
He  is  not  a  seeker  after  money  or  power  or  place  for  their  own 
sake — a  sordid  man  cannot  be  great.  He  is  impelled  by  the  great 
spirit  within  him  seeking  self-expression,  which  must  create  that 
lesser  world  around  him  which  shall  be  to  the  man  of  power  what 
the  universe  is  to  the  Infinite  Creator. 


STEAM  TURBINES 

By  FRANCIS  HODGKINSON 

Large  steam  turbine  castings  and  parts  of  revolving-held  tur- 
bine generators  have  been  for  a  long  time  familiar  objects  around 
the  shops  at  East  Pittsburg,  vet  few  realize  the  enormous  develop- 
ment of  work  in  this  particular  branch  of  engineering. 

The  results  in  the  way  of  high  steam  economy  that  are  being 
obtained,  and  the  general  performance  of  the  machines  in  the  field, 
have  been  particularly  gratifying. 

Several  turbines  of  5  500  kw  capacity  are  under  construction, 
and,  in  fact,  are  rapidly  approaching  completion.  Still  larger  tur- 
bines are  in  course  of  design  for  stationary  work  as  well  as  for 
marine  propulsion. 

There  are  in  operation  in  the  field  and  in  course  of  construc- 
tion at  East  Pittsburg,  about  iiiooo  kilowatts  of  Westinghouse 
steam  turbines. 

A  5  500  kw   turbine   and   its  generator  are  shown  in  Fig.    i. 
Some  few  of  its  leading  dimensions  may  be  of  interest : 
Extreme   length,    including  generator,  47  ft.  3  in. 
Extreme    width,  "  "  16  ft.  o  in. 

Height  above  floor,     "  "  14  ft.  o  in. 

The  maximum  overload  capacity  of  this  turbine  will  be  about 
13000  hp.  On  this  basis,  we  have  over  17  hp.  to  the  square  foot, 
including  the  generator. 

Some  comparison  of  the  space  occupied  by  these  units  and 
reciprocating  engines  -may  be  gathered  from  Figs.  4  and  5. 

A  steam  turbine,  for  many  reasons,  makes  an  ideal  engine. 
There  are  no  rubbing  surfaces  except  at  the  bearings,  and  these 
are  found  to  be  actually  exempt  from  wear.  The  fact  that  there 
are  no  internal  rubbing  surfaces  means  a  great  deal.  High  super- 
heat may  be  taken  advantage  of.  Cylinder  lubrication  is  unneces- 
sary, hence  the  condensed  exhaust  steam  is  pure  distilled  water, 
and  is  the  best  kind  of  feed  water  for  the  boilers. 

\\'ith   tiu-bines  the  cost  of  foundations  is  small :  in   fact,  with 
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the  exception  of  something-  that  will  hold  up  the  weight  of  the 
turbine,  none  are  needed.  Holding-down  bolts  are  never  used  ex- 
cept on  ship  board. 

The  foundations  for  the  i  500  kw  turbine  installed  at  Hartford, 
Conn.,  cost  $300.00.  The  foundations  for  two  i  500  kw  turbines 
at  the  Cleveland  &  Southwestern  Traction  Company  at  hllyria, 
Ohio,  consist  simply  of  two  longitudinal  walls  for  each  turbine. 
They  are  made  of  concrete  about  one  foot  thick.  Between  the 
walls  and  underneath  the  turbines  are  located  the  condensers,  which 
makes  an  ideally  compact  arrangement. 

The  machine  shown  in  the  frontispiece  is  a  i  000  kw  turbine 
and  generator  photographed  in  the  testing  room.  This  machine 
has  been  for  the  past  few  months  driving  all  the  machinery  of  the 
new  East  Building  of  the  Electric  Company,  as  well  as  furnishing 
current  for  the  office  lighting.  In  this  case  the  foundation  con- 
sists of  a  concrete  floor,  reinforced  with  I-beams  resting  on 
brick  piers,  which  are  a  considerable  distance  apart,  to  permit 
ready  access  to  the  condensing-  apparatus,  which  is  directl\-  below^ 
the  turbine. 

The  theoretical  construction  of  turbines  has  hardly  a  ])lace  in 
this  article.  A  very  excellent  chapter  on  this  subject,  however, 
will  be  found  in  a  little  book  by  Robert  ]M.  Neilson,  where  the  mat- 
ter is  treated  on  an  entropy  temperature  basis. 

It  may  be  said  that  the  laws  that  govern  the  design  and  form 
of  the  buckets  and  passages  of  water  turbines  are  equally  applicable 
to  steam  turbines.  The  difference  lies  in  the  fact  that  steam  is 
elastic,  while  water  is  inelastic,  and  the  former  is  a  much  less  dense 
medium  than  water,  and  consequently  attains  nmch  higher  veloci- 
ties. 

To  show  the  force  of  these  remarks,  compare  the  energy  of 
one  pound  of  steam  and  one  pound  of  water  at,  say,  150  pounds 
per  square  inch  gauge  pressure,  discharging  into  a  28-inch  vacuum, 
or  I  pound  absolute  pressure.  The  water  will  be  theoretically 
capable  of  developing  379  foot  pounds  of  energy  and  will  discharge 
with  a  velocity  of  about  156  feet  per  second.  The  best  speed  of  a 
wheel  of  the  Pelton  type  of,  say,  i  foot  in  diameter,  to  deal  with 
this  velocity,  would  be  1490  revolutions  per  minute — a  very  com- 
fortable speed.  The  i  pound  of  steam,  on  the  other  hand,  \\\\\ 
correspondingly  develop  250000  foot  pounds  of  energy,  and  will 
have  a  theoretical  discharge  velocity  of  over  4  000  feet  per  second. 
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A  bucket  wheel  of  the  dimensions  quoted  above  should  now  revolve 
at  38  300  revolutions  per  minute,  a  speed  at  which  difficulty  would 
be  found  in  designing-  a  strong-  enough  wheel. 

The  analogy  between  a  water  and  a  steam  turbine  is  not  en- 
tirelv  complete.  In  the  water  turbine  the  functions  are  kinetic  only. 
The  velocity  due  to  the  fall  is  converted  into  work.  In  the  steam 
turbine  there  is  first  a  conversion  of  heat  into  energy,  when  the 
steam  does  work  upon  itself  and  attains  velocity ;  then,  after  this, 
the  function  is  kinetic  and  is  the  same  as  in  the  case  of  the  water 
wheel. 

The  phenomenon  of  the  steam  jet  has,  until  lately,  been  sur- 
rounded with  a  good  deal  of  myster}' — but  it  is  now  generally 
understood.  Its  investigation,  however,  forms  a  most  interesting 
study. 

The  function  of  the  nozzle  is  to  direct  a  jet  of  fluid  in  a  pre- 
determined direction  with  the  greatest  velocity  attainable.  In  the 
case  of  a  steam  jet,  it  is  obvious  that  the  steam  must  be  thoroughly 
expanded  within  the  nozzle,  so  that  the  energy  due  to  the  ex- 
pansion of  the  steam  may  be  utilized  in  accelerating  the  jet  to  the 
maximum  possible  velocity.  If  any  expansion  takes  place  after  the 
steam  has  passed  the  nozzle,  this  expansion  is  uncontrolled  by  the 
walls  of  the  nozzle  and  consequently  will  be  in  other  directions  be- 
sides the  one  in  line  with  the  axis  of  the  jet.  When  the  pressure 
into  which  the  nozzle  is  discharging  is  greater  than  56  per  cent,  of 
the  initial  pressure,  all  that  is  required  to  satisfactorily  expand  the 
steam  is  an  orifice  having  a  well  rounded  entrance.  But 
should  such  a  nozzle  be  subjected  to  a  greater  range  of  pressure 
than  the  above,  that  is  to  say,  should  the  discharge  pressure  be  less 
than  56  per  cent,  of  the  initial  pressure,  then  the  expansion  of  the 
steam  would  not  be  complete  within  the  nozzle ;  there  would  be 
considerable  lateral  expansion  outside  of  it.  In  this  case  a  nozzle, 
to  give  the  best  results,  must  be  of  some  length  and  have  divergent 
walls,  such  that  it  is  smallest  at  the  rounded  entrance  and  then  be- 
comes of  increasing  cross  section  until  the  end  is  reached. 

The  reason  for  the  divergence  is  plain  when  it  is  considered 
that  the  work  done  by  the  expanding  steam  varies  something  like 
in  direct  proportion  to  the  number  of  expansions,  and  also  varies 
directly  as  the  square  of  the  velocity.  The  volume  of  the  steam 
therefore  increases  much  more  rapidly  than  the  velocity,  and  room 
must  be  provided  at  the  outer  end  of  the  nozzle  to  permit  of  the 
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proper  expansion  of  tlie  steam.  The  expansion  of  steam  in  a  nozzle 
follows  closely  the  adiabatic  line. 

Considering-  this  subject  fiirtbcr,  suppose  we  have  an  element- 
ary turbine  like  that  made  use  of  in  the  comparison  between  a  steam 
and  water  turbine,  consisting  of  a  nozzle  which  directs  a  jet  of 
steam  against  the  paddles  of  a  rapidly  revolving  wheel.  The  steam 
flows  through  the  nozzle,  and  if  this  is  properly  constructed  it  will 
be  thoroughly  expanded  within  the  nozzle  from  the  initial  pressure 
to  the  pressure  of  the  exhaust,  and  the  energy  thus  given  u])  by  the 
expansion  will  be  utilized  in  accelerating  the  jet.  Therefore,  when 
the  steam  arrives  at  the  end  of  the  nozzle,  its  heat  energy  will  be 
expended  and  converted  into  kinetic  energv.  There  will  l)e  a  fall  of 
temperature,  and  as  no  heat  is  added  and  the  expansion  is  adiabatic. 
some  of  the  latent  heat  of  steam  will  be  given  up  as  work,  which,  of 
course,  will  result  in  considerable  condensation.  This  condensation 
would  amount  to  23  per  cent,  by  weight,  if  the  nozzle  were  perfect 
and  expanded  from  150  pounds  gauge  pressure  to  28  inches 
vacuum. 

If  this  jet  w'ere  brought  to  rest  within  a  closed  vessel  where 
a  pressure  is  mamtained  corresponding  to  the  28  inches  vacuum, 
instead  of  against  the  paddles  of  a  wheel,  the  kinetic  energy  of  the 
jet  would  be  re-converted  back  into  heat,  for  there  has  been  no 
escape  or  adding  to  of  heat.  The  expanded  steam  within  the  closed 
vessel  would  then  become  considerably  superheated.  This  is  the 
principle  made  use  of  in  the  well-known  Carpenter  throttling  calori- 
meter. 

A  point  of  much  interest  in  this  connection  was  pointed  out 
bv  Prof.  W.  H.  Watkinson,  of  England.  If,  after  the  energy  in 
the  jet  is  converted  into  velocity,  we  were  to  separate  therefrom  the 
water  of  condensation  and  then  bring  the  jet  to  rest  in  a  closed 
vessel,  as  above,  the  temperature  in  this  vessel  would  rise  far  higher 
than  the  original  temperature  of  the  steam.  He  shows  that  steam 
of  160  lbs.  absolute  pressure,  corresponding  to  363°  Fahrenheit, 
expanding  to  atm.osphere,  would  rise  to  472°  Fahrenheit  in  the 
chamber.  The  expanded  steam,  therefore,  would  be  too°  hotter 
than  the  steam  was  originally.  Prof.  Watkinson  naively  remarks 
in  his  paper,  "The  question  as  to  whether  the  water  can  be  com- 
pletely removed  or  not,  and  the  best  means  of  removing  it,  do  not 
come  within  the  scope  of  the  present  paper." 

To  return  to  the  subject  of  an  elementary  turbine:  if  the  form 
and  speed  of  the  paddles  were  such  that  they  might  wholly  absorb 
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the  vflocitv  of  the  jet  without  friction,  the  condition  of  the  steam 
leaving  the  buckets  would  be  the  same  as  when  it  left  the  jet,  ex- 
cept that  it  Vv-ould  no  longer  have  velocity,  but  as  a  matter  of  fact 
there  are  many  causes  of  loss.  The  velocity  may  not  be  entirely 
absorl)ed  •  that  is  to  say,  the  steam  may  issue  from  the  buckets  of 
the  wheel  with  considerable  velocity,  which  is  a  direct  loss.  There 
will  be  a  reduction  of  velocity  due  to  surface  friction  and  eddies 
cf  steam  in  the  buckets,  which  results  in  heating-  up  the  steam, 
causing-  a  re-evaporation  of  some  of  the  water  condensed  in  the 
nozzle,  which  to  a  lesser  degree  is  the  same  as  the  action  of  steam 
in  a  throttling  calorimeter,  as  before  described. 

If  the  above  described  form  of  turbine  had  its  nozzles  mounted 
on  a  wheel,  no  buckets  would  be  necessary,  but  in  order  to  be  equal 
in  efficiency,  the  wheel  would  have  to  revolve  at  twice  the  speed 
of  that  in  the  case  we  have  considered. 

The  above  forms  the  fundamental  principle  of  steam  turbines. 
Probablv  the  turbine  manufactured  by  The  Westinghouse  ^Machine 
Companv,  in  outward  appearances,  resembles  the  above  type  less 
than  anv  other  type  of  turbine. 

The  great  feature  of  this  turbine  is  that  the  energ-}-  is  fraction- 
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allv  abstracted  from  the  steam.  The  steam  enters  at  the  high  press- 
ure end  and  travels  to  the  exhaust.  In  its  passage  are  arranged 
several  rows  of  turbine  blades,  at  each  of  which  the  steam  falls  in 
pressure  by  steps,  so  to  speak,  giving  up  part  of  its  energy  at  each 
successive  step. 

The  form  of  the  blades  is  shown  diagramatically  in  Fig.  2. 
The  steam,  in  expanding  from  state  P  to  Pi,  attains  a  velocity  and 
strikes  the  movable  blades  2,  causing  them  to  revolve.  It  again 
expands  from  Pi  to  P2,  attaining  another  velocity  which,  reacting 
on  row  2,  again  causes  it  to  revolve.  Thus  the  motion  of  the  re- 
volving blades  is  due  to  two  causes :  one,  the  steam  striking  them  ; 
"and  the  other,  the  steam  leaving  them. 
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The  velocity  of  the  steam,  it  will  be  plainly  seen,  may  be  con- 
trolled within  whatever  limits  desirable,  according  to  the  propor- 
tioning of  the  turbine.  In  practice,  these  velocities  are  from  150 
to  600  feet  per  second,  which  is  a  speed  comparatively  slow  and 
one  which  it  has  been  found  will  cause  absolutely  no  erosion  of  the 
buckets,  and  at  which  the  skin  friction  of  the  operating  fluid  pass- 
ing over  the  bucket  surfaces  will  cause  an  inappreciable  amoimt  of 
loss. 


OiO 
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FIG.  3 

Fig.  3  shows  a  longitudinal  section  through  a  turbine,  the 
steam  entering  at  A  and  exhausting  at  5.  It  shows  the  side  clear- 
ance between  the  blades,  which  is  never  less  than  ^  inch  and  is, 
in  the  larger  machines,  as  much  as  ^  inch,  so  that  danger  of  collison 
between  the  moving  and  stationary  element  is  very  remote. 

However,  'The  proof  of  the  pudding  is  in  the  eating  thereof." 
The  Westing-house  Machine  Company  have  installed  a  testing  room 
for  their  steam  turbine  work,  by  means  of  which  turbines  are 
thoroughly  tested  and  their  economy  tested  beyond  cHspute.  They 
have  condenser  capacity  for  condensing  60.000  pounds  of  steam  an 
hour,  which  permits  of  testing  turbines  of  large  powers,  up  to  their 
ultimate  capacity.  All  turbines  are  thoroughly  tested,  and  these 
tests  are  freqiiently  carried  out  in  the  presence  of  the  piuxhaser's 
representative,  who  thus  obtains  an  exact  knowldgc  of  the  perform- 
ance of  the  apparatus. 
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Hereto  are  added  some  results  of  tests  which  have  been 
selected,  more  or  less  at  random,  from  records  of  from  900  to  i  000 
tests  of  turbines  of  various  sizes. 

Fig-.  6  shows  the  results  of  a  series  of  tests  on  one  of  the  tur- 
bines for  the  lig-hting:  of  the  Interborough  Rapid  Transit  Company 
of  New  York.  Tiiese  tests  were  witnessed  and  verified  by  engineers 
of  the  staff  of  Julian  Kennedy,  Esq.,  of  Pittsburg. 

One  curve  shows  how  the  economy  of  the  turbine  holds  up 
with  overloads. 

Some  tests  were  lately  made  by  Mr.  F.  W.  Dean,  of  the  firm 
of  Dean  &  Main,  on  a  400  kw  turbine.  No.  55,  showing-  the  follow- 
ing results : 


Boiler 
Pressure 

Degrees 
Fahrenheit 
Superheat 

Vacuum 
ref.  to  30"  bar. 

Revolutions 
per  minute 

Brake 
Horse 
Power 

Ivbs.  steam 

per  brake 

hp  hour 

151 
154 

182 
181 

28 
28.1 

3,481 
3,543 

763.5 
592  3 

11.25 
11.45 

The  same  turbine  without  superheat : 


Boiler 
Pressure 

Vacuum 
ref.  to  30"  bar. 

Revolutions 
per  minute 

Brake 
Horse 
Power 

I^b.s.  Steam 
per  brake 
hp  hour 

153 
154 
156 
156 

28 
28 

27.9 

28 

3,481 
3,545 
3,584 
3,602 

728.4 
593.2 
448 
241.3 

13.63 

13.91 
14.48 
16.06 

Brake  test  of  a  400  kw  turbine.  No.  52,  showing  the  range  of 
overload  on  a  turbine,  and  the  economy  at  such  overloads : 


Boiler 
Pressure 

Degrees 
Fahrenheit 
Superheat 

Vacuum 
ref.  to  30"  bar. 

Revolutions             ^^^^ 
per  minute     !         Hors^e 

I,bs.  Steam 
per  brake 
hp  hour 

150 
151 
152 
150 
150 
143 

45 

41.3 

44.7 

41.8 

44 

44.6 

28 

28    - 

28 

28 

28 

27.8 

3,549 
3,526 
3,511 
3,478 
3,436 
3,414 

258.1 
424.6 
621.5 
755.9 
824.6 
1,028.2 

15  55 
14.16 
13.56 
13  23 
13  36 
14.13 

Brake  test  of  a  400  kw  turbine.  No.  54,  with   150  lbs.  boiler 
pressiire,  150°  F.  superheat  and  28"  vacuum: 


Boiler 
Pressure 

Degrees 
Fahrenheit 
Superheat 

139 
158 
150 

Vacuum 
ref.  to  30"  bar. 

Revolutions 
per  minute 

Brake 
Horse 
Power 

Xibs.  Steam 
per  brake 
hp  hour 

151 
149 
150 

28 
28 
28 

3,537 
3.586 
3,595 

626 
451 
296.8 

11.86 
11.86 
13.2 
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Electrical  test  of  a  400  k\v  turi)ine.  No.  39,  with  150  lbs.  boiler 
pressure,  100°  F.  superheat  and  27"  vacuum : 


Boiler         ^^fSrrees 
Pressure    [  Fahrenheit 
.Superheat 

Vacuum 

ref.  to  30" 

bar. 

Revohitions 
per  minute 

Load  ill 
kilowatts 

Electrical 
Horse 
Power 

lybs.  Steam 
per  elect. 
hp  hour 

155              97.6 
147            104.2 
155            103 

27 

27 
27 

3,482 
3,509 
3,530 

411.12 
311.72 
219 

551.1 
417.9 
293.7 

13.47 
13  83 
14.54 

Test  of  a  I  500  k\v  turbine,  Xo.  31.  with  150  lbs.  boiler  press- 
ure superheated  25°  Fahrenheit  and  274"  vacuum: 


Boiler 
Pressure 

Degrees 
Fahrenheit 
Superheat 

28 
28.4 
27.6 
29.9 

Vacuum 

ref.  to  30" 

bar. 

27.5 
27.5 
27.5 
27.5 

Revolutions 
per  minute 

I<oad  in 
kilowatts 

Electrical 
Horse 
Power 

lybs.  Steam 
per  elect, 
hp  hour 

146 
144 
147 
155 

1,476 
1,490 
1,502 
1.507 

1,557.6 

1,2.39.8 

767  9 

383.4 

2,087.8 

1,662.0 

1,028.1 

513.9 

13.67 
13.94 
16.05 
20.04 

An  electrical  test  of  a  i  500  kw  turbine.  No.  32,  with  150  lbs. 
boiler  pressure,  dry  saturated  steam  and  27"  vacuum : 


Boiler 
Pres.sure 

Quality 

of 
Steam 

.992 
.994 
.992 
.991 

Vacuum 

ref.  to  30" 
bar. 

Revolutions 
per  minute 

I<oad  in 
kilowatts 

Electrical 
Horse 
Power 

I<bs.  .Steam 
per  elect, 
hp  hour 

148 
146 
149 
149 

27.0 
27.0 
27.1 
27.1 

1,186 
1,202 
1,206 
1,221 

1,530 

1,154.5 
792.1 
392.5 

2,051 
],547.7 
1,061.6 
.526.14 

14.8 
15.01 
17.21 
20.19 

The  results  given  above  are,  for  the  most  part,  under  good 
operating  conditions,  that  is,  high  vacuum  and  superheat.  A  high 
vacuum  is  more  desirable  for  a  steam  turbine  than  for  a  reciprocat- 
ing engine,  because  the  turbine  can  successfully  expand  steam  to 
the  limits  of  the  condenser  pressure  without  the  losses  encountered 
with  a  reciprocating  engine,  such  as  the  friction  due  to  an  enormous 
increase  in  the  size  of  the  low-pressure  cylinder,  and  the  condensa- 
tion and  re-evaporation  losses  due  to  the  cylinder  being  alternately 
filled  with  live  and  exhaust  steam.  The  latter  loss  is  aggravated  by 
the  fact  that  the  temperature  of  steam  falls  much  more  rapidly  as 
it  reaches  the  low'  pressures. 

Some  types  of  turbines  are  unable  to  show  any  kind  of  economy 
except  with  the  highest  vacuum,  due  to  the  fact  of  having  wheels 
revolving  in  the  more  or  less  dense  medium  of  the  exhaust  press- 
ure. The  Westinghouse  turbine,  however,  has  no  such  limitations. 
It  can  show  an  admirable  performance  with  poor  vacuum  and  low 
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boiler  ])ressnre,  as  is  shown  l)v  the  foUowing"  tests: 

Brake  test  of  a  400  kw  turbine,  No.  28,  with   125  lbs.  boiler 
pressure,  dry  saturated  steam  and  26"  vacuum  : 


Boiler 
Pressure 

Quality 

of 
Steam 

Vacuum 

ref.  to  30" 

bar. 

Revolutions 
per  minute 

Brake 
Horse 
Power 

Lbs.  Steam 

per  brake 

hp  hour 

126 
125 
131 

1.0015 
.999 
.999 

26 
26 
26 

3,536 
3,555 
3,545 

580 

457.2 

326 

15.41 
16.36 
17.89 

Electrical  test  of  a    i  500  kw   turbine,   No.    17,   with    150  lbs. 
boiler  pressure,  dry  saturated  steam  and  25"  vacuum  : 


Boiler 
Pressure 

Vacuum 

ref.  to  30" 

bar. 

Revolutions 
per  minute 

I^oad  in 
kilowatts 

Electrical 
Horse 
Power 

I^bs.  Steam 
per  elect, 
hp  hour 

149 
150 
151 

25.0 
25.0 
25.2 

1,498 
1,503 
1,500 

1,506 
914 
310 

2,015 

1,224 

417 

16.33 

18.82 
28.1 

Brake  test  on  a  400  kw  turbine.  No.  51,  with   150  lbs.  boiler 
pressure,  dry  saturated  steam  and  26"  vacuum  : 


Boiler 
Pressure 

Quality 

of 
Steam 

Vacuum 

ref.  to  30" 

bar. 

Revolutions 
per  minute 

Brake 
Horse 
Power 

I^bs.  Steam 

per  brake 

hp  hour 

152 
151 
1.50 

.999 
1  001 
1.002 

26.1 
26.1 
26.1 

3,541 
3,. 599 
3,593 

610.8 
451.4 
266.1 

14.59 
15.. 32 

17.06 

Electrical  test  of  a    1000  kw  turbine.   No.    15,   with   130  lbs. 
boiler  pressure,  dry  saturated  steam  and  2"/"  vacuum : 


Boiler 
Pressure 

Quality 

of 
Steam 

Vacuum 

ref.  to  30" 

bar. 

Revolutions 
per  minute 

Load  in 
kilowatts 

Electrical 
Horse 
Power 

L,bs.  Steam 
per  elect, 
hp  hour 

132 
133 
134 
139 

.999 
.999 
.999 
.997 

27.0 

27.0 
27.1 
26.8 

1,489 
1,498 
1,508 
1,513 

1,101.7 
786.6 
530.7 
380.01 

1,476.8 

1,054.5 

7114 

509.4 

14.9 
15  99 
17.95 
20.75 

The  above  test  may  be  of  interest,  because  it  shows  the  economy 
of  the  turbine  above  referred  to,  which  at  present  is  operating  in 
the  works  of  the  Westinghouse  Electric  &  Manufacturing  Com- 
pany. 


FACTORY      TESTING      OF      ELECTRICAL 
MACHINERY— II 

By  R.  E.  WORKMAN 

In  Ar.L  testing'  work  it  is  necessary  to  bear  in  mind  that  pre- 
cision in  the  performance  of  any  part  of  the  work  need  not  be 
greater  than  is  consistent  with  that  desired  in  the  results.  By  at- 
tempting more  than  this  nothing  is  gained  and  much  time  and 
effort  wasted.  Take  as  an  example  a  saturation  curve  reaching 
a  maximum  of  125  volts,  plotted  on  cross-section  paper,  one  di- 
vision representing  two  volts.  On  this  scale  it  is  not  possible  to 
read  with  greater  precision  than  to  two-tenths  of  a  volt,  and  in 
reading  a  voltmeter  or  correcting  readings  already  taken  for  in- 
accuracies of  the  scale  of  the  instrument,  it  is  useless  to  record 
anything  beyond  the  first  place  of  decimals. 

A  verv  important  point  in  the  reading  of  instruments  is  the 
integrity  of  the  observer.  Inaccurate  reading  and  mistakes  in 
reading  may  be  largely  eliminated  by  taking  the  mean  of  a  num- 
ber of  readings,  but  a  bias  on  the  part  of  the  observer  cannot  be 
counteracted  in  this  way.  A  perfect  observer  would  be  one  who 
had  no  ideas  of  his  own,  whose  one  faculty  was  the  accurate 
noting  of  the  position  of  the  needle  of  an  instrument  and  of 
mentally  subdividing  a  small  division  into  tenths.  He  would 
never  have  any  idea  of  the  results  expected,  would  not  be  allowed 
to  plot  his  results  on  paper  to  see  that  they  made  a  smooth  curve, 
in  short,  he  would  be  nothing  more  than  a  machine.  But,  as 
the  observer  must  also  be  the  tester,  and  the  tester  must  have  all 
the  faculties  denied  to  the  perfect  observer,  much  depends  on 
his  integrity  and  strength  of  zvill.  The  tester  must  be  ready  to 
note  any  result,  however  unexpected,  but  he  should  not  stop 
there ;  he  should  trace  out  the  apparent  anomaly  and  find  whether 
the  cause  is  an  error  in  his  ideas,  or  is  due  to  an  unnoticed  change 
in  the  conditions  of  the  test.  Where  readings  are  taken  to  plot 
a  curve  whose  form  is  practically  known,  it  will  be  well  for  the 
tester  to  use  cross-section  paper  and  mark  down  the  points  as 
they  are  taken.     Mistakes  may  often  be  detected   in  this  way, 
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and,  bv  their  elimination,  much  time  may  be  saved  and  fewer 
points  will  be  necessary  to  determine  the  curve.  A  good  deal  of 
caution  is  necessary  in  the  use  of  approximate  methods  of  test- 
ing, to  see  that  the  errors  introduced  by  assumptions  of  approxi- 
mation do  not  exceed  the  required  limits.  This  danger  occurs  in 
one  or  two  of  the  ordinary  tests,  and  will  be  mentioned  in  its 
place. 

The  question  of  precision  comes  in  again  in  the  working  up 
of  results  from  test  readings.  Here  it  is  only  necessary  to  men- 
tion that  in  correcting  the  readings  of  instruments,  it  is  useless 
to  go  beyond  the  accuracy  of  the  instruments  themselves,  or  be- 
vond  the  precision  desired  in  the  result.  AVhere  products,  quo- 
tients, etc.,  are  to  be  taken,  the  slide  rule  is  quite  precise  enough, 
reading,  as  it  is  possible  to  read  it,  to  the  third  significant  figure. 
The  other  sources  of  error  in  calculating  work  are  mistakes  in 
arithmetic  and  mistakes  in  the  plotting  of  curves.  These  may  be 
largely  eliminated  by  a  proper  system  of  checking. 

DIRECT-CURRENT  MACHINERY 

The  testing  of  direct-current  generators  and  motors  will  be 
divided  into  two  groups: — experimental  and  commercial,  as 
outlined  in  the  introduction. 

EXPERIMENTAL    TESTING 

The  tests  commonly  made  are  given  in  Table  I,  of  the  intro- 
duction. The  order  of  tests  given  there  is  not  necessarily  that 
in  which  the  tests  are  performed,  this  order  being  determined  by 
convenience,  as  follows : 

Tests  made  with  the  machine  at  rest. 

Tests  made  with  the  machine  driven  on  open  circuit  by  a 
separate  driving  motor. 

Tests  made  with  the  machine  loaded  as  in  service. 

The  tests  will  be  described  in  the  order  in  which  they  are 
performed. 

Loss  Tests  : — The  losses  in  direct-current  machines  are  of 
three  kinds : 

(a)  Copper  loss. 

(b)  Iron  loss, 

(c)  Friction  loss. 

(a)      Copper  Loss — The  loss  in  the  copper  circuits  of  the  ma- 
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chine  is  due  to  their  resistance  and  can  be  determined  electrically 
with  the  machine  at  rest.  It  is  only  necessary  to  determine  the 
resistance  of  the  different  windings  of  the  machine  and  from  these 
the  loss  can  be  calculated  by  multiplying  the  resistance  of  the 
winding  by  the  square  of  the  current  flowing  through  it. 

Resistances  are  determined  by  the  fall  of  potential  method. 
This  method,  the  accuracy  of  which  is  well  within  the  required 
limit,  is  by  far  the  most  convenient  one.  The  instruments  re- 
quired are  those  used  in  ordinary  testing.  The  "bridge"  methods, 
which  might  be  used  instead,  are  more  accurate  in  their  proper 
place,  and  should  be  used  for  all  delicate  measurements,  such  as 
that  of  the  resistivity  of  a  metal.  The  instruments  used  in  bridge 
methods  are  more  easily  injured  and  require  more  care  in  han- 
dling than  those  used  in  the  fall  of  potential  methods. 

There  are  two  methods  of  making  the  fall  of  potential  test ; 
one  in  which  an  ammeter  and  a  voltmeter  are  used  to  measure 
the  current  in  the  circuit  and  the  fall  of  potential  across  the  re- 
sistance, another  in  which  a  standard  resistance  is  put  in  series 
with  that  to  be  measured,  and  the  ratio  of  the  fall  of  potential 
across  the  resistance  to  be  measured  to  that  across  the  standard 
resistance  is  determined. 

One  advantage  of  the  former  method  is  that  the  readings  on 
voltmeter  and  ammeter  may  be  taken  simultaneously,  thus  elimi- 
nating the  effect  of  a  varying  voltage  in  the  testing  circuit;  on 
the  other  hand,  although  the  latter  method  has  not  this  advan- 
tage, in  it  only  one  instrument  is  used  and  the  ratio  of  the  two 
readings  multiplied  by  the  resistance  of  the  standard  resistance 
gives,  directly,  the  resistance  required. 

(i)  Preparations  for  Test  (With  Ammeter  and  Voltmeter) — 
The  connections  are  shown  on  Fig.  3  which  needs  little  further 
explanation.  The  resistance  marked  "rack"  may  be  of  any 
suitable  form,  such  as  an  ordinary  field  regulating  rheostat  or  the 
iron  wire  racks  used  for  load  in  the  smaller  machines.  A  ther- 
mometer must  be  hung  up  near  the  machine,  or,  if  there  is  any 
chance  of  the  dift'erent  parts  of  the  machine  having  temperatures 
other  than  that  of  the  air,  a  thermometer  should  be  placed  against 
each  of  the  windings  whose  resistance  is  to  be  measured. 

Conduct  of  Test — A  high  resistance  should  be  put  in  the  rack 
to  start  with.  The  Switch  Si  must  be  thrown  in  to  complete  the 
circuit.     The  voltmeter  should  be  connected  up  on  the  high  scale, 
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long  wires  being-  used,  with  metal  points,  held  on  the  ends  of  the  re- 
sistance to  be  measured.  If  the  voltmeter  deflection  is  in  the  wrong 
direction  it  is  simply  necessary  to  reverse  the  leads.  Before  open- 
ing the  short  circuit  switch  S2  the  ammeter  should  be  observed, 
and  if  it  tends  in  the  wrong  direction  the  leads  should  be  reversed. 
The  rack  resistance  may  now  be  adjusted  to  give  suitable  read- 
ings on  voltmeter  and  ammeter  and  a  series  of  about  four  read- 
ings taken  of  the  volts  and  amperes,  varying  the  current  slightly 
after  each.  The  voltmeter  and  ammeter  must  be  read  simulta- 
neously owing  to  the  possible  fluctuations  in  the  voltage  of  the 
supply  circuit. 


Voltmeter 


■jVVWWVWj— VMVWHCH 
CZ]— ' 


Ammeter 


Voltmeter 


FIG.    3 — CONNECTIONS   FOR  RESISTANCE   TEST 

(ii)  (AA'ith  Standard  Resistance)— The  only  difference  in 
the  connections  is  that  the  standard  resistance  is  put  into  the  cir- 
cuit in  series.  Readings  are  taken  of  the  fall  of  potential  across 
the  resistance  to  be  measured  and  across  the  standard  resistance 
for  different  currents. 

The  resistance  is  found  from  this  ratio  by  taking  the  product 
of  the  ratio  and  the  resistance  of  the  standard.  This  follows  from 
Ohm's  Law. 
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Precautions  to  be  Observed — In  all  cases  it  is  necessary  to  be 
very  careful  not  to  ground  one  of  the  voltmeter  points,  as  this 
may  cause  the  full  voltage  to  be  thrown  across  the  voltmeter, 
throwing  the  needle  up  against  the  stop  and  bending  it.  The 
reason  for  this  may  be  seen  from  the  diagram  at  the  foot  of  Fig. 
3.  If  there  is  a  ground  on  the  line  to  the  right  of  the  figure  and 
the  voltmeter  point  to  the  right  is  grounded,  the  whole  voltage 
will  be  thrown  across  the  voltmeter.  In  taking  the  resistance  of 
a  shunt  field  ivinding  it  is  necessary  10  remove  the  voltmeter  points 
before  opening  the  circuit,  as,  on  doing  this,  the  difference  of  po- 
tential rises  very  largely  owing  to  the  collapse  of  the  magnetic 
field.  In  taking  the  resistance  of  a  series  field  zvindi)ig,  in  order  to 
avoid  errors  due  to  the  resistance  of  the  leads  and  bad  temporary 


TVfffffffVfVPfWfff'-^^•'^ 


BaLuuin^  Rings 


Commutator  Bars 
i    Bntshes 


Brushholder 
Cross  Collecting  Rings 


FIG.    4 

connections,  the  voltmeter  points  should  be  held  right  on  the 
ends  of  the  coils.     In  taking  the  resistance  of  an  armature,  special 

precautions  are  necessary. 

(i)  Multiple  Wound  Armatures — Where  there  are  balanc- 
ing rings  the  brushes  should  be  so  set  that  they  connect  as  di- 
rectly as  possible  with  a  pair  of  balancing  rings.  If  the  balanc- 
ing rings  are  on  the  commutator  end  of  the  armature,  this  is  done 
simply  by  setting  the  brushes  on  commutator  bars  which  are  con- 
nected to  balancing  rings.  If  the  rings  are  on  the  back  of  the 
armature  the  bars  connected  to  them  must  be  traced  to  the  com- 
mutator. Check  readings  should  be  taken  on  another  pair  of  bal- 
ancing rings,  and  a  mean  taken  between  the  two  sets.     This  po- 
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sition  of  the  balancing  rings  eliminates  the  effect  of  unequal  con- 
tact between  the  brushes  and  the  commutator  causing  different 
currents  in  the  dift'erent  circuits  of  the  armature. 

This  will  be  seen  in  Fig.  4,  which  is  a  diagrammatic  repre- 
sentation of  a  development  of  the  armature  windings  of  a  machine 
with  balancing  rings.  It  will  be  seen  that,  when  the  brushes  are 
on  communtator  bars  which  are  cross-connected  by  balancing 
rings,  all  the  parallel  circuits  of  the  armature  are  connected  in 
multiple  independently  of  the  brushes.  As  the  voltage  drop  is 
taken  across  the  commutator,  and  not  across  the  brushes,  this 
obviously  eliminates  all  effect  from  unequal  contact  between 
brushes  and  commutator.  For  the  same  reason  in  machines 
which  do  not  have  balancing  rings,  it  is  necessary  to  see  that  all 
brushes  are  evenly  ground  and  make  equally  good  contact  with 
the  surface  of  the  commutator. 

(ii)  Series  Wound  Armatures — No  special  precautions  are 
necessary  except  that  the  voltmeter  points  must  be  held  on  the 
commutator  in  an  axial  plane  with  the  center  of  the  brush.  The 
resistance  is  measured,  of  course,  between  adjacent  brush  holders. 

Working  up  Results — The  relation  of  the  resistance  to  the  re- 
sults of  this  test  depends  simply  on  Ohm's  Law\ 

First  of  all  it  is  necessary  to  correct  the  readings  from  the 
calibration  tables  corresponding  to  the  particular  instruments 
used.  The  division  of  volts  by  amperes  is  then  carried  out,  giv- 
ing the  resistance.  A  mean  of  the  values  found  from  the  four 
sets  of  readings  is  taken.  It  is  now  necessary  to  alter  the  resist- 
ance found  to  its  equivalent  at  25°  C.  To  do  this  it  is  assumed 
that  the  resistance  of  copper  rises  .42;^  per  degree  Centigrade. 
Thus  the  value  of  resistance  found  must  have  .42^  added  to  it  for 
every  degree  Centigrade  of  the  excess  of  25°  C  over  the  tempera- 
ture of  the  test. 

Exampfle. — 500  kw  compound  wound,  belted  generator,  550 
volts,  514  revolutions  per  minute,  6  poles.  Air  temperature 
23-5°  C. 

Resistance  of  series  field  windings  : 


AMPERES                                1 

VOLTS                                    1 

Resistance 

Observed 

Corrected 

Observed 

Corrected 

at  23.5°C. 

150 
132 
114 

148.5 
130.5 
112.5 

.241 
.212 
.183 

.245 
.215 
.186 

.00165  ohms. 
.00165      " 
.00165      " 
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Therefore  the  resistance  at  25°  C.  will  be  .00166  ohms. 

(h)  Iron  Loss — Iron  losses  arc  supplietl  mechanically  ;  thev 
manifest  themselves  in  the  form  of  a  torque  on  the  armature  and 
are  therefore  measured  by  measuring  the  input  to  a  motor  driv- 
ing the  machine  to  be  tested  at  its  required  speed.  Iron  losses 
are  due  to  two  causes — hysteresis  and  eddy  currents. 

Hysteresis  is  a  property  of  iron  in  virtue  of  which  it  resists 
change  in  intensity  of  a  magnetic  field  within  it.  It  is  sometimes 
called  "molecular  magnetic  frictio;.,"  owing  to  its  resemblance 
to  viscosity,  which,  when  it  exists  in  a  liquid,  resists  change  of 
form  as  hysteresis  resists  change  in  magnetic  intensity.  As  in 
the  case  of  viscosity,  the  work  done  in  overcoming  hysteresis 
varies  directly  as  the  speed  with  which  it  is  overcome.  It  will 
thus  be  seen  that  the  hysteresis  loss  is  a  purely  magnetic  loss. 

Eddy  currents  are  currents  induced  in  a  mass  of  magnetized 
iron  when  the  magnetic  intensity  is  changed.  They  are  due  to 
differences  of  potential,  induced  by  these  changes  in  the  magnetic 
intensity,  betw^een  dift'erent  parts  of  the  iron.  These  cause  cur- 
rents to  circulate  which  generate  heat  in-  the  same  way  as  cur- 
rents in  a  copper  circuit.  This  loss  is  dependent  on  the  shape  of 
the  piece  of  metal,  and  is  a  purely  electrical  loss. 

(c)  Erictioii  Losses — These  are  likewise  supplied  mechanical- 
ly and  obtained  by  measuring  the  input  to  a  driving  motor.  They 
are  divided  into  two  groups  : 

Brush  friction. 

Bearing  friction  and  windage. 

It  is  convenient  to  measure  the  iron  loss  and  friction  loss 
during  the  same  test,  as  will  be  seen  from  the  following  scheme : 

f  Iron  Loss 

,    T  •     T-.  •         T\T     u-  I       Brush  Friction 

f    Losses  m  Driven  Machine     -       t.  t?  ■  +■ 

Bearing  Friction 


Total  Energy  Supplied      I 

to  Driving  Motor  -j 

Armature  j 


[        and  Windage 


[,     Losses  in  Driving  Motor  Armature 

Fig-  5 

Suppose  the  motor  to  be  driving  the  machine  under  test  at 
its  proper  speed  as  a  generator  on  open  circuit,  with  a  given 
known  shunt  field  current  in  the  generator.     The  energy  of  the 


THE  ELECTRIC  CLUB  JOURNAL  103 

motor,  if  measured,  may  be  analyzed  as  shown  in  Fig.  5.  If  the 
field  circuit  of  the  generator  be  now  opened,  the  energy  of  the 
motor  will  be  reduced  by  an  amount  equal  to  the  iron  loss  corre- 
sponding to  the  generator  voltage  and  field  current.  Thus,  if  the 
input  of  the  motor  be  subtracted  from  that  of  the  first  case,  the 
remainder  may  be  taken  as  the  iron  loss  of  the  generator.  If  now 
the  brushes  of  the  generator  be  lifted,  the  result  of  taking  the 
dift'erence  between  the  results  of  the  third  and  second  readings  will 
give  the  brush  frtctton.  It  now  remains  to  take  the  belt  oft'  the 
motor  and  find  its  input  witliout  any  load.  This,  when  subtracted 
from  the  third  reading,  gives  the  bearing  friction  and  windage 
of  the  generator.  Along  with  the  loss  test  is  taken  the  saturation, 
which  will  be  described  later,  and  which  is  taken  with  it  simply 
owing  to  the  fact  that  a  driving  motor  is  required,  as  with  the  loss 
tests.  The  readings  taken  are  the  terminal  voltage  and  the 
SHUNT  feeld  current  of  the  machine  for  each  loss  reading. 

Preparations  for  Test — ^The  machine  to  be  tested  must  be 
belted  to  a  small  direct-current  shunt  wound  motor  as  shown  in 
Fig.  6,  to  run  at  its  designed  speed.  The  table  generally  used 
is  that  shown  on  Fig.  7,  the  connections  being  made  as  indi- 
cated. The  six  switches  on  the  left  are  for  the  driving  motor. 
Three  rheostats  are  used,  (i)  in  the  field  of  the  driving  motor  to 
vary  its  speed ;  (2)  in  the  field  of  the  shop  generator  to  hold  the 
voltage  steady  while  taking  a  reading;  (3)  in  the  field  of  the 
driven  machine  to  vary  the  field  current. 

Conduct  of  Test — The  motor  is  started  by  throwing  in  switch 
4,  then  I  and  2.  completing  the  shunt  circuit  of  the  motor.  The 
starting  rheostat  must  then  be  set  so  that  its  resistance  is  all  in 
and  the  switch  5  closed,  when  the  motor  should  start.  As  it  picks 
up  speed,  the  starting  resistance  must  be  cut  out  and  finally 
switch  3  thrown  in. 

It  is  now  necessary  to  set  the  brushes  of  the  machine  at  the 
*'no  load  neutral"  or  the  position  on  the  commutator  at  which  the 
potential  of  adjacent  bars  is  equal.  In  most  machines  of  modern 
design,  where  a  commutator  bar  has  a  position  midway  between 
the  armature  conductors  with  which  it  is  connected,  this  position 
is  under  the  center  line  of  the  pole.  This  position  is  accurately 
located  in  the  following  manner :  the  field  circuit  of  the  genera- 
tor is  closed  and  its  voltage  raised  to  about  its  proper  value,  volt- 
meter points  leading  to  a  voltmeter  which  reads  up  to  about  fif- 


Driving  Motor. 


ScpuiXdy  Exciting  Power. 


FIG.    7— COXXECTIONS    FOR    IKON    LOSS,    FRICTION    AND    SATURATION    TEST 
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FIG.    8 


teen  volts,  are  held  as  indiealed  in  Fig.  8,  being-  held  at  a  distance 
from  one  another  aliont  ecjual  to  the  breadth  of  a  commutator 

bar.  These  points  are  then 
moved  back  and  forth  circnmfer- 
cntially  till  the  position  is  reach- 
ed at  ^vhich  the  voltmeter  reads 
zero,  this  position  noted  and 
the  brushes  set.  Throughout 
the  test  the  speed  of  the  gener- 
ator is  held  constant. 

ddie  readings  taken  in  the 
loss  test  are  line  voltage  and 
armature  amperes  on  the  mo- 
tor, and  speed,  terminal  volts 
aufl  shunt  field  amperes  on  the 
generator.  These  reatlings  are  taken  under  the  following  differ- 
ent conditions : 

(i)  AMth  no  field  current  on  the  generator,  this  being  re- 
peated three  or  four  times  during  the  test. 

(ii)  A  number  of  readings  with  varying  field  currents,  on 
the  generator,  one  being  taken  at  the  proper  voltage  of  the  ma- 
chine. 

(iii)  A  reading  with  the  brushes  up  and  no  tield  current  on 
the  generator. 

(iv)  A  reading  with  the  brushes  up  and  the  generator  field 
current  such  as  to  give  the  proper  voltage  on  the  generator,  i.  e., 
the  same  as  in  the  full  voltage  reading  in  (iii). 

(v)     A  reading  of  the  motor  input  with  the  belt  off. 

Of  the  losses  in  the  motor,  the  only  one  which  changes  ap- 
preciably with  a  change  of  current  is  the  armature  /"  R  loss.  The 
friction  loss  is  constant,  because  the  speed  is  constant,  and  the 
iron  loss  is  practically  constant  because  the  field  strength  is  prac- 
tically constant.  As  the  change  in  the  motor  losses  due  to  /"  R 
loss  is  not  generally  taken  account  of,  the  iron  loss  found  for  the 
generator  will  be  higher  than  the  actual.  As  a  rule,  this  error  is 
negligible  small,  but,  if  very  accurate  results  are  desired,  or  if  a 
driving  motor  too  small  for  the  test  is  the  only  one  to  be  obtained, 
it  is  simply  necessary  to  subtract  the  armature  /'  R  loss  from  the 
motor  input  for  each  reading,  and  proceed  as  before. 
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If  the  .Qcncrator  field  eurrent  is  raised  by  accident  above  the 
vahie  at  which  a  reathng-  is  to  be  taken,  the  voltage  should  be 
reduced  far  below  and  then  brought  up  again.  These  curves  are 
always  taken  with  an  increasing  saturation,  the  losses  for  a  given 
votage  being  slightly  lower  with  a  decreasing  saturation,  owing 
to  the  retentivity  of  the  magnetic  circuit. 

The  check  readings  on  the  motor  input  with  no  current  in 
the  generator  field  are  taken  so  as  to  make  sure  that  there  has 
been  no  change  in  the  bearing  friction,  the  brush  friction,  or  the 
residual  field  due  to  the  retentivity  of  the  magnets.  The  check 
reading  taken  with  the  brushes  up  on  the  generator  and  full  volt- 
age field  current,  is  a  check  on  th.e  position  of  the  brushes.  If 
the  input  found  is  subtracted  from  that  with  the  brushes  down 
and  the  same  field  current,  the  result  should  be  the  brush  friction 
loss.  If  it  is  greatly  dift'erent  from  the  value  found  with  no  field 
current,  it  may  be  assumed  that  the  brush  position  has  been 
wrong  and  that  currents  have  been  circulating  in  the  armature. 

JVorkins;  up  Results — Example: 

The  same  machine  whose  resistances  have  been  found  as  de- 
scribed above. 

Iron  loss,  friction  and  saturation  test : 


MOTOR                                                                                                   GENERATOR 

Volts 

Armature 
Amperes 

i 
Watts               Speed 

Volts 

Field 
Ampers 

(i) 

(ni) 
(iv) 
(v) 

110 
110 

no 
no 
no 

61 
141 

38 
112 

20 

6,710                  516 
15,510                514 

4,180               515 
12,320               514 

2,200 

7 
554 

0 
5.3 

0 
5.3 


(i)  The  motor  driving  the  generator  without  field  current, 
supplying  the  friction  and  windage  losses  in  the  generator. 

(ii)  The  motor  driving  the  generator  with  the  field  recjuired 
to  give  full  voltage  on  open  circuit. 

(iii)  The  motor  driving  the  generator  with  brushes  up  and 
no  field  current. 

(iv)  The  motor  driving  the  generator  with  brushes  up  and 
full  field  current. 

(v)      Motor  readings  with  the  1:)elt  off. 

If  (i)  is  subtracted  from  (ii)  the  iron  loss  corresponding  to  a 
voltage  of  554  is  found. 

If  (iii)  is  subtracted  from  (i)  the  brush  friction  loss  is  found. 
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If  (iv)  is  subtracted  from  (ii)  a  check  is  made  on  the  brush 
position  as  described  above. 

If  (v)  is  subtracted  from  (iii)  the  bearing  friction  and  wind- 
age loss  is  found. 

The  results  obtained  are  : 

Iron  loss  at  554  volts^8.8  kilowatts. 

Brush  friction  from  (iii)  =2.53  kilowatts. 

Brush  friction  from  (iv)=3.i9  kilowatts. 

Bearing  frictic^n  and  windage=i.Q8  kilowatts. 
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FIG.    9 — IRON    LOSS    CURVE 


It  will  be  seen  from  the  two  different  values  obtained  for  the 
brush  friction  that  the  brush  position  was  not  quite  correct,  there 
being  660  watts  lost,  due  to  circulating  currents  in  the  armature 
and  brushes  at  full  voltage. 

The  complete  iron  loss  curve  from  this  test  is  given  in  Fig. 
9  which  shows  the  method  of  plotting. 


FOUNDRY  PRACTICE  WITH  COPPER  AND 
ITS  ALLOY 

By  W.  J.  REARDON.  General  Foreman  of  the  Brass  Foundry  of  the  Electric  Qimpany 

A  Paprr  Presented  Before  the  Materials  Section  of    The  Ki.ectkic  Cud,   Dec.  23,  1903 
Abstracted  by  A.  E.   Floweks 

Copper — Copper  and  its  alloys  are  very  important  materials 
from  the  standpoint  of  the  electrical  engineer,  and  since  a  large 
part  of  these  materials  must  be  shaped  by  casting,  the  foundry 
practice  in  connection  with  them  becomes  important. 

The  process  of  casting  is  apparently  simple :  copper  is  not 
hard  to  melt  and,  when  melted,  it  is  not  difficut  to  pour  the  fluid 
mass  into  a  properly  shaped  receptacle.  Sad  experience  has, 
however,  shown  the  foundryman  that  good  results  cannot  be  ob- 
tained by  any  haphazard  method. 

The  first  requirement  is  that  the  copper  must  be  heated  to 

EXACTLY    the   RIGHT   TEMPERATURE. 

If  the  heating  be  prolonged,  and  the  metal  brought  to  a 
bright  red  heat,  it  becomes  "soaked,"  as  it  is  called.  After  being 
poured,  there  is  a  period  of  quietness  and  all  seems  well ;  sud- 
denly there  is  a  small  explosion ;  the  sand  is  blown  from  the  flask 
and  the  metal  at  the  gate  flies  in  all  directions.  \\'hen  the  cast- 
ing is  examined  it  is  usually  found  to  bear  no  resemblance  to  the 
pattern.  If  the  heating  be  incomplete,  and  the  temperature  too 
low,  the  action  will  be  somewhat  ditit'erent,  but  the  result  will  be 
no  more  satisfactory.  There  will  be  no  explosion,  but  instead 
the  sand  in  the  cope  rises  and  breaks  up ;  the  metal  at  the  gate 
swells  and  liquid  copper  continues  to  ooze  out  for  some  time. 
When  examined  the  casting  is  found  to  be  full  of  blow-holes, 
their  number  depending  on  the  temperature  at  which  the  metal 
was  cast.  The  effects  of  overheating  or  underheating  are  the 
same,  regardless  of  the  fuel  employed — whether  coal,  coke,  oil 
or  gas. 

The   second   requirement   is   that  the   sand   must   have   the 

PROPER  TEMPER,    NEITHER  TOO   WET   NOR  TOO  DRV. 
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Experience  alone  can  teach  one  how  best  to  fulfill  this  re- 
quirement. If  copper  is  poured  in  green  sand  the  casting  will 
be  full  of  blow-holes.  On  the  other  hand,  dry  sand  will  not  hold 
together. 


THE    BRASS    FOUNDRY    OF    THE    ELECTRIC    CO. — THE    MIDDLE    AISLE 

The  foundryman's  hardest  problem  is  to  produce  castings 
free  from  blow-holes.  Sometimes  a  casting  will  look  all  right 
on  the  outside,  but  blow-holes  are  found  inside  when  the  piece  is 
turned  up.  Every  job  requires  instructions  from  the  foreman 
about  the  temper  of  the  sand,  the  position  of  the  gate  and  the 
risers. 

At  the  Westinghouse  Foundry  castings  are  now  being  made, 
without  difficulty,  which  range  in  size  from  one  ounce  to  five 
hundred  pounds.  The  difficulties  were  overcome  by  observing 
the  following  rules : 

(i)     Heat  to  exactly  the  right  temperature. 

Have  the  sand  at  the  proper  temper. 

Melt  the  copper  quickly. 

Keep  the  metal  covered  at  all  times. 

Never  let   the   metal   stand   in   tlic   furnace   when   once 


(2) 

(3) 

(4) 

(5) 
readv. 

(6) 


Add  a  small  amount  of  silicon-copper. 
Copper  Alloys — In  mixing  and  melting  brass  a   few   simple 
rules  should  be  observed  : 
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(i)  ^^'eio:h  carefully. 

(2)  Melt  (jiiickly  and  uniformly. 

(3)  Prevent  volatization  as  far  as  possible. 

(4)  Pour  at  exactly  the  right  temperature. 

The  first  rule  may  seem  needless,  but  bad  results  are  often 
traceable  to  careless  weighing.  Pouring  at  the  proper  tempera- 
ture is  of  the  most  importance.  At  the  present  time  the  temper- 
ature is  estimated  by  the  naked  eye.  the  experience  of  the  melter 
and  skimmer  being  relied  upon  to  decide  when  the  metal  has 
reached  the  temperature  proper  for  the  alloy  and  the  character 
of  the  job  to  be  done. 

The  use  of  the  pyrometer  in  the  W^estinghouse  Foundry  for 
the  determination  of  temperature  has  not  been  attended  with 
great  success,  chiefly  on  account  of  vibration.  In  other  places 
the  instrument  has  proven  unsatisfactory  because  of  its  sluggish- 
ness in  responding  to  changes  of  temperature.  The  instrument 
consists  of  a  thermo-electric  couple,  one  element  of  whicli  is 
platinum  and  the  other  of  an  alloy  of  rhodium  and  platinum, 
encased  in  a  tube  of  porcelain  clay  or  plumbago  crucible  mixture. 
When  the  couple  is  heated  a  current  flows  through  the  junction, 
and  a  galvanometer  in  series  with  the  couple  gives  a  deflection 
corresponding  to  the  temperature.  The  casing,  however,  con- 
ducts heat  slowly,  and  some  time  elapses  before  the  junction  of 
the  couple  reaches  the  temperature  of  the  molten  mass. 

Bearing  Metals — A  bearing  metal  high  in  lead  resembling 
glyco-metal  has  been  made  in  the  Westinghouse  Foundry  which 
gives  excellent  results.  It  is  composed  of  copper,  tin,  lead  and 
zinc.  This  alloy  is  difficult  to  make,  because  of  the  tendency  of 
the  lead,  whose  specific  gravity  is  high,  to  settle  to  the  bottom. 
There  seems  to  be  no  amalagamation  of  the  lead  with  the  pro- 
portions of  copper  and  tin  used.  To  check  the  precipitation  of 
lead  the  bottom  of  the  casting  was  chilled  with  running  water, 
immediately  after  pouring.  This  gave  good  results  with  small 
bearings,  but  did  not  with  large  ones.  Finally  methods  of  me- 
chanical mixing  were  adopted  that  gave  excellent  results  both  in 
casting  and  on  test.  The  tests  showed  remarkably  low  friction 
and  very  small  wear. 

Another  alloy  was  made  up  of  the  same  elements,  but  a  dif- 
ferent scheme  of  mixing  was  adopted.  The  mixing  was  divided 
into  two  steps:    the  first  constituting  of  making  an  alloy  low  in 
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copper,  and  the  second  of  mixino-  this  intermediate  alloy  with 
copper.  The  intermediate  alloy  was  made  by  melting  the  copper 
first  under  a  charcoal  cover  and  then  adding  lead,  then  zinc,  then 
tin;  overheating-  being  carefully  avoided.  This  intermediate 
alloy  was  poured  into  ingot  moulds.  After  cooling,  it  was  put 
into  melted  copper.  The  resultant  alloy  could  be  cast  in  sand 
and  withdrawn  while  still  red  hot  without  showing  any  signs  of 
lead  sweating  out,  although  the  temperature  of  the  casting  when 
withdrawn  was  far  above  the  melting  point  of  lead.  The  tem- 
perature must  be  watched  very  carefully,  as  a  slight  excess  causes 
the  lead  to  segregate,  and,  chiefly  for  this  reason,  the  alloy  can- 
not be  made  in  the  Schw^artz  furnace. 

In  melting  alloys  it  is  customary  to  melt  first  the  constituent 
having  the  highest  melting  point  and  then  add  the  others  in  the 
order  of  their  melting  points,  the  one  with  the  lowest  melting- 
point  being  added  last.  Sometimes,  however,  metals  will  alloy 
at  a  temperature  below  that  of  the  melting  point  of  some  of  the 
constituents ;  for  instance,  a  brass  may  be  made  by  first  melting 
zinc,  which  melts  at  about  800  degrees  F.,  then  taking  the  cruci- 
ble out  of  the  fire  and  adding  solid  copper,  whose  melting  point 
is  about  2,000  degrees  F. 

A  singular  point  about  alloys  containing  lead  and  tin  is  that 
lead  will  separate  out  if  the  percentage  of  tin  is  considerably  in 
excess  of  that  of  lead,  but  by  decreasing  the  percentage  of  tin 
and  increasing  that  of  lead,  the  larger  proportion  of  lead  alloys 
without  difficulty. 

There  is  an  alloy  known  to  the  trade  as  plastic  bronze  that 
contains  20  per  cent,  of  lead.  This  large  amount  of  lead  is  prob- 
ablv  held  by  a  small  amount  of  tin  and  nickel.  The  alloy  gives 
very  good  results. 

Sand  for  cores  should  be  high  in  silica  and  low  in  alumina, 
bond  being  obtained  with  resin,  flour  and  molasses.  Sand  for 
moulding  should  be  fine  and  open.  It  should  not  contain  much 
alumina,  because  the  alumina  (clay)  bakes,  preventing  the  rapid 
escape  of  gas,  and  so  causes  blow-holes  and  sponginess. 

Ttie  Sand  Conveyor — In  the  Westinghouse  Foundry,  the 
moulding  machines  are  arranged  in  two  row^s,  one  on  either  side 
of  the  middle  aisle.  The  conveyors,  one  over  each  row^  carry  the 
sand  to  spouts,  which  discharge  into  the  flasks.  The  operator  by 
opening  a  gate  in  the  spout  allows  sand  to  pour  into  and  fill  the 
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placing-  the  segments  on  end,  side  by  side,  in  the  form  of  a  circle, 
with  the  necks  at  the  lower  end  extending  outward,  and  separat- 
ing them  with  the  insulating  strips  allowing  the  latter  to  project 
slightly  beyond  the  copper  on  all  sides.  A  round  iron  ring,  pro- 
vided with  radially  projecting  set  screws,  is  placed  a])out  the  col- 
lection of  copper  and  mica  and  the  screws  tightened  down,  thus 
forcing  the  segments  toward  the  axis  of  the  commutator  as  well 
as  nearer  together.     At  this  stage  the  commutator  is  placed  m  an 


COMMUTATOR    READY    FOR    BAKING 

oven  and  subjected  to  a  high  heat  for  some  time.  The  shellac  is 
softened  and  forced  out  between  the  segments  as  the  screws  in  the 
binding  ring  are  tightened.  This  heating  rids  the  commutator  of 
any  moisture  A\'hich  may  have  been  in  the  shellac,  but  must  not  be 
carried  far  enough  to  allow  the  shellac  to  carbonize,  for  should 
this  condition  exist  in  a  finished  commutator,  oil,  if  near  the  mica 
insulation,  might  be  absorbed  and  cause  disintegration  of  the  strips. 


COMM  UTATOR  PARTLY   MACHINED 
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After  the  commutator  is  removed  from  the  oven  and  cooled  it  is 
machined  on  both  ends,  and  a  dove-tail  projection  made  on  each 
segment,  as  shown  in  the  photograph.  A  cast-iron  bushing  having 
a  projection  to  fit  one  of  the  grooves  is  placed  within  the  circle 
of  copper  bars  and  a  brass  ring,  having  a  similar  projection  to  fit 
the  other  groove,  is  clamped  to  this  bushing.  On  account  of  the 
shape  of  the  grooves  and  projections  the  segments  are  drawn  to- 
gether as  the  brass  ring  and  cast-iron  bushing  are  forced  toward 
one  another  with  bolts.  The  copper  bars  are  insulated  from  the 
bushing  and  ring  by  moulded  mica  insulation,  known  as  mica 
\'  rings.  When  the  bars  are  firmly  held  together  by  the  inner  bind- 
ing ring  the  outer  one.  having  the  adjustable  screws,  may  be  re- 
moved and  the  outer  surface  machined  ofl:". 

Testing  Armatures  for  Short-Circuits — A  method  of  test- 
ing for  a  short-circuited  coil  in  an  armature  is  to  provide  a  laminat- 
ed iron  shoe,  much  like  a  field  pole  in   shape  and  size,  which  has 
a  form  as  shown  in  the  figure,  such  that  it  will  fit  closelv  over  a 
part  of  the  surface  of  the  armatiu^e  to  be  tested.     Since  the  face  of 
the  shoe  has  a  definite  curvature,  it  can  be  used  only  on  armatures 
of   certain   sizes,  but  since  railway   motor  armatures  do   not  vary 
much  in  diameter,  the  device  is  well  fitted  for  this  type.     The  shoe 
is  held  in  position  by  an  upright  support.     It  carries  a  coil  having 
several  turns  of  rather  large  wire,  and  is  supplied  with  alternating- 
current    pressure    at    its    terminals.      The 
armature  to  be  tested  is  brought  up  to  the 
shoe  on  an  armature  truck  and  placed  as 
close  as  possible.     It  is  then  slowly  revolv- 
ed, while  an  operator  passes  a  small  piece 
of  sheet  iron  over  those  coils  which  have 
part    of    their    winding    under    the    shoe. 
Since  the  coils  are  normally  all  open  there 
would  be  no   efifect  produced  on  the  iron 
sheet    if    the    armature    is    all    right,    but 
should  there  be  a  short-circuited  coil  pres- 
ent having  one  side  under  the  shoe,  alter- 
nating  currents   would   be   produced    in    it 
and  the  tell-tale  woidd  tend   to  adhere  to 
that  part  of  the  armature  core  lying  about 
its  exposed  side. 
Testing  Coils  for  Siiort-Circuits — To  test  coils  for  a  short- 
circuit  a  device  is  used  as  shown  in  the  sketch.     This  consists  of 


DEVICE     FOR     TESTING 
ARMATURES 
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a  laminated  iron  core  with  three  short  legs  A.  C  and  B.  and  coii 
C,  M  and  X,  together  with  the  telephone  receiver  R.     The  coil 
has  an  alternating  e.m.f.,  E,  applied  to  it  when  testing  is  to  be  don. 
which  magnetizes  the  core.     M   and  X   are  two  coils  having  tn 
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same  number  of  turns  in  each,  and  are  placed  in  the  same  relarve 
position  on  the  arms  with  regard  to  C.  They  are  connected  in 
series  with  a  telephone  receiver,  but  in  such  a  way  as  to  oppse 
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I'iO.    2 — TESTING    A    TRANSFORMER    COIL    FOR    SHORT-CIRCUIT 


one  another.    To  test  a  coil  as  T,  place  it  over  the  leg  B  and  isten 
in  the  receiver.     If  the  coil  T  is  open  the  same  amount  of  maoetic 
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flu;  will  pass  through  M  and  X  and  no  sound  will  be  noticed,  but 
sbuld  tlie  coil  T  contain  a  short-circuited  section,  more  flux  will 
pas  throiigh  M  and  X.  and  a  disturbance  in  the  receiver  will  re- 


sui:  Tliis  is  illustrated  in  the  photograph  Fig.  2.  \\  hen  a  short- 
cirait  in  a  coil  is  detectetl  it  is  located  by  burning  out :  to  do  this 
thecoil  is  placed  over  the  center  leg.  i.  e..  in  the  strongest  field, 
an("the  fielil  is  strengthened  by  completing  the  magnetic  circuit. 
Th.  is  shown  in  Fig.   v 
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a  laminated  iron  core  \\\\\\  three  short  legs  A.  C  and  B,  an^l  coils 
C,  M  and  N,  together  with  the  telephone  receiver  R.  The  coil  C 
has  an  alternating^  e.m.f.,  E.  applied  to  it  when  testing  is  to  be  done, 
which   magnetizes  the  core.     M   and  N   are  two  coils  having  the 
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same  number  of  turns  in  each,  and  are  placed  in  the  same  relative 
position  on  the  arms  with  regard  to  C.  They  are  connected  in 
series  with  a  telephone  receiver,  but  in  such  a  way  as  to  oppose 


-TESTING    A    TRANSFORMEK    COIL    FOR    SHORT-CIRCUIT 


one  another.     To  test  a  coil  as  T,  place  it  over  the  leg  B  and  listen 
in  the  receiver.     If  the  coil  T  is  open  the  same  amount  of  magnetic 
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fiux  will  pass  through  'SI  and  N  and  no  sound  will  he  noticed,  but 
should  the  coil  T  contain  a  short-circuited  section,  more  flux  will 
pass  through  M  and  X,  and  a  disturbance  in  the  receiver  will  re- 


FIG.    3 — UURXING   OUT   A    SHORT   CIRCUIT 

suit.  This  is  illustrated  in  the  photograph  Fig.  2.  When  a  short- 
circuit  in  a  coil  is  detected  it  is  located  by  burning  out ;  to  do  this 
the  coil  is  placed  over  the  center  leg,  i.  e.,  in  the  strongest  field, 
and  the  field  is  strengthened  by  completing  the  magnetic  circuit. 
This  is  shown  in  Fig.  3. 


EDITORIAL  COMMENT 

One  of  the  thinos   which    F   have   read  (Uirin^-  the 

Mr.  Frenyear        j>aSt    year    which    impressed    nie   most    was    "Man- 

and  Man=Power    }>()wcr."     I  did  not  hear  IMr.  Frenyear,  but  1  read 

the  manuscript  soon  after  he  dehvered  the  address. 

I'^irst  of  all,  it  revealed  Frenyear.  T  had  known  him  for  sev- 
eral years.  1  knew  his  high  character,  his  excellent  habits,  his 
clear  logical  mind  and  his  definite  effective  method  of  presenting 
his  views.  lUit  I  had  not  known  the  depth  of  his  character  and 
the  breadth  of  his  mind,  nor  had  I  caught  the  underlying  spirit  of 
his  life  until  I  read  what  I  recognized  at  tnice  was  not  a  mere 
essay,  but  a  statement  of  his  philosophy  of  life,  of  what  he  believed 
and  of  the  principles  upon  which  his  life  was  based.  I  had  not 
imderstood  him  nor  really  known  him  before.  Nothing  said  of 
him  since  his  death  seems  to  me  to  be  overstated. 

Idle  particular  thing  in  the  address  which  I  appreciated  most 
is  the  statement  of  the  true  relation  which  should  exist  between 
men  in  modern  society,  particularly  in  a  great  corporation  or  in- 
dustrial works.  W'e  have. new  conditions,  new  problems,  ^[odern 
manufacturing,  bringing  together  thousands  and  tens  of  thousands 
oi  men  who  must  act  together  as  a  unit,  has  led  to  new  products, 
to  new  tools,  to  new  methods,  and  has  led  to  new  relations  between 
men.  Labor  imions.  organizations  of  manufacturers,  profit  shar- 
ing, schemes  of  arbitration — all  these  indicate  the  efforts  to  fix  the 
new  relations  between  men.  ]\Iany  of  these  simply  propose  a  reme- 
dy for  some  present  evil.  But  what  is  the  true  basis,  the  basis 
which  is  fundamentally  right,  wdiat  is  the. 'underlying  moral  prin- 
ciple upon  which  alone  a  secure  and  lasting  solution  can  be  based  ? 
As  engineers  we  learned  that  what  is  unsound  in  principle  cannot 
he  successful  in  practice,  but  must  give  wav  sooner  or  later  for 
something  new.  "What  is  the  true  principle  of  organization  in  a 
democratic  community  ?  It  is  this :  Getting  others  to  do  what 
you  want  done  while  they  are  doing  what  they  themselves  want  to 
do ;  inspiring  others  with  a  desire  to  do  what  you  want  done,  not 
driving  them  to  do  it."  This  sentence  and  the  notable  sentences 
which  follow  it  give  a  new  significance  to  the  movement  toward 
organization  and  combination  and  they  set  forth  a  fimdamental 
principle  which  bears  directly  upon  the  most  serious  i)roblems  of 
the  present  and  the  future. 

Chas.  F.  Scott. 
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One  of  the  urgent  needs  of  every  large  manufac- 
Factory  turer   of  electrical   appartus   is   an   efficient  testing 

Testing  department.       This    is    the    department    in    which 

everyone  who  aspires  to  be  an  engineer  should  re- 
ceive a  thorough  training,  and  in  which  everyone  who  would  have 
a  working  knowledge  or  a  personal  acquaintance  with  electrical 
apparatus  should  work  at  least  a  few  months. 

To  get  the  best  or  even  good  results  for  the  company  the  im- 
portant testing  should  all  be  done  by  experienced  men,  but  owing 
to  the  fact  that  the  Testing  Department  is  a  preparatory  school  for 
the  Engineering,  Construction,  Correspondence  and  Sales  Depart- 
ments, the  force  is  constantly  changing,  so  that  it  is  almost  impossi- 
ble to  liave  experienced  men  even  in  close  supervision  over  the 
tests  I'or  this  reason  the  series  of  articles  on  F'actory  Testing  of 
Electrical  Machinery,  now  appearing  in  The  Journal,  is  most 
timiely  and  deserves  the  closest  attention,  especially  from  those  now 
in  the  Testing  De]:)artment  and  those  who  hope  or  expect  to  get 
there.  The  methods  in  use  in  the  Testing  Department  are  describ- 
ed in  detail,  and  if  properly  followed  the  articles  should  lead  to 
good  resuts.  It  must  be  understood,  however,  that  all  the  printed 
instructions  and  theoretical  knowledge  in  the  world  will  not  make 
a  good  tester  if  he  lacks  common  sense. 

It  is  a  source  of  positive  pain  to  the  Engineering  Department 
to  observe  the  frequent  lack  of  this  most  important  faculty ;  to  see, 
for  example,  the  time  that  is  wasted — absolutely  lost — in  taking- 
fifteen  or  twenty  readings,  each  of  which  requires  time,  in  locating- 
the  position  of  a  straight-line  curve ;  to  observe  the  painstaking 
accuracy,  ecjual  to  that  given  by  a  ten-place  table  of  logarithms, 
with  which  an  entire  series  of  tests  on  a  machine  is  made,  only  to 
find  after  all  tliat  a  field  coil  is  reversed.  It  is  discouraging  to  have 
a  whole  series  of  tests  thrown  away  because  some  necessary  condi- 
tion is  neglected,  to  find  discrepancies  that  would  have  been  avoid- 
-ed  by  anyone  but  a  mere  '"observer." 

To  men  in  the  Testing  Department  we  would  say,  don't  be  an 
OB.SERVF.R,  be  a  TESTER.  Take  a  sheet  of  cross-section  paper  and 
plot  the  readings  as  taken,  so  that  you  may  know  what  you  are 
doing.  Work  intelligently.  In  ninety-nine  cases  out  of  one  hun- 
dred the  troubles  found  m  the  Testing  Department  can  be  easily 
and  quickly  remedied  by  the  use  of  one's  common  sense.  It  is  too 
frecjuently  the  case  that  some  occult  reason  is  sought,  and  the 
problem  is  referred  to  the  engineer,  when  the  real  difficulty  lies  in 
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the  mental  short-sightedness  of  the  tester.  If  a  machine  runs  hot, 
when  others  apparent!}'  exactl\'  Hke  it  run  cool,  there  is  some  c'ood 
reason  for  it  that  can  be  easily  located  if  it  is  properly  sought  for. 
A  large  amount  of  routine  commercial  testing  is  apt  to  lead  to 
superficial  and  perfunctory  work  ;  but  don't  let  the  piece-work  sys- 
tem dwarf  your  honesty  and  intelligence.  Use  common  sense,  and 
you  will  soon  acquire  something  which  can  be  bought  only  by  hard 
work — the  experience  for  which  you  are  looking. 

N.  W.  Storer. 
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THE  INSTALLATION    OF  ELECTRIC  CABLES 

Dv  H.  II  \  Buck^  Electrical  Engineer  of  the  Niagara  Falls 
Power    Company. 

A  lecture  delivered  before   The  Electric  Club   February  29,  1904 

I  SHOULD  like  to  bring  up  for  your  consideration  tonight  a  few 
general  points  bearing  upon  that  part  of  an  electric  power  system 
which  has  to  do  with  the  distribution  of  the  electric  current  after  it 
leaves  the  terminals  of  the  generators.  The  design  and  inven- 
tion in  electric  generating  apparatus  which  has  been  in  progress  for 
the  past  ten  years  has  resulted  in  the  development  of  machines 
which  can  almost  be  considered  as  perfect  in  their  details  of  con- 
struction, and  which  will  give  continuous  and  satisfactory  service 
for  many  years  without  repairs.  A  great  deal  of  thought  has  also 
been  devoted  to  the  development  of  those  controlling  devices  com- 
monly known  as  "switchboards,"  and  appliances  and  methods  of  in- 
stallation have  resulted  which  can  be  relied  upon  to  meet  satisfac- 
torily almost  any  condition  which  may  arise  in  the  operation  of  a 
plant.  There  is  a  tendency,  however,  noticeable  in  station  design, 
to  confine  electrical  engineering  to  these  two  elements  of  the  plant 
alone;  to  consider  that  if  the  generators  are  well  built  and  installed 
and  the  switchboard  constructed  along  modern  lines,  that  the  suc- 
cess of  the  power  system  is  assured. 

Of  equal  im])ortance,  however,  in  my  opinion,  is  the  design 
and  construction  of  the  cable  distribution  system,  considered  as 
beginning  at  the  terminals  of  the  generators.  The  details  of  this 
part  of  a  plant  are  too  apt  to  be  left  until  after  the  station  has  been 
completed,  upon  the  assumption  that  the  cables  can  somehow  be 
run  along  the  wall,  through  some  subway  designed  for  another  pur- 
pose and  through  holes  which  happen  to  exist  here  and  there  in 
partition  walls. 
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Electric  cables  themselves  ha\-e  undoubtedl\-  reached  a  high 
degree  of  perfection  by  many  manufacturers,  but  meth(xls  of 
installing  them  have  scarcely  kept  pace  with  progress  in  other 
departments  of  electrical  work. 

I  believe  that  if  statistics  were  compiled  it  would  be  found 
that  more  shut-downs  of  electric  power  plants  were  caused  by 
cable  trouble  than  from  any  other  cause — not  troubles  which 
could  be  blamed  upon  the  cable  manufacturer  for  defects  in  con- 
struction, but  ones  which  are  directly  attributable  to  dangerous 
methods  of  installation.  If  you  will  stop  in  the  street  of  a  large 
city  some  time  and  look  into  a  manhole  of  some  electric  power 
system  which  has  been  opened  up  for  repairs  and  observe  the 
hopeless  snarl  of  cables  crossing  and  twisting  around  each  other, 
you  will  ask  yourself  what  would  become  of  the  customers  depend- 
ent upon  those  cables  if  a  good  short-circuit  should  occur  in  that 
manhole.  If  you  will  look  into  the  crowded  cable  runways  in 
some  power  stations  where  cables  of  all  voltages  and  classes  are 
bunched  together  unprotected,  you  will  agree  that  the  matter  has 
not  received  the  engineering  thought  in  design  that  it  should. 

In  selecting  this  topic,  it  was  not  my  intention  to  try  to  show 
you  how  to  install  cables  under  all  conditions  (for  I  do  not  think 
that  the  matter  has  as  yet  been  satisfactorily  standardized),  but  I 
shall  attempt,  rather,  to  point  out  certain  general  principles  and  to 
suggest  directions  in  which  improvements  can  be  made. 

Cable  installation  can  essentially  be  divided  into  two  classes — 
station  wiring  and  underground  wiring,  overhead  aerial  cable  work 
belonging  more  properly  to  the  subject  of  power  transmission. 

STATION    WIRING 

In  laying  out  the  design  of  a  power  plant  every  wire  and  cable 
should,  if  possible,  have  a  definite  place  provided  for  it  in  advance, 
just  as  much  as  for  any  other  piece  of  machinery.  Cables  of  dif- 
ferent classes,  that  is,  cables  carrying  currents  of  different  voltages 
and  kinds,  should,  as  far  as  possible,  be  kept  ajmrt  from  each  other. 
This  is  a  matter  of  great  importance,  in  order  to  prevent  an  inter- 
linking of  different  systems  in  case  of  trouble.  I  have  in  mind  a 
case  where  the  secondary  leads  of  a  series  transformer  were 
bunched  together  with  some  small    i  lO  volt   direct  current  switch- 
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operating-  leads  fed  from  the  exciter  system.  This  combination  is 
\-er\'  common  in  modern  power  plants.  Through  an  abnormal  rise 
of  voltage  on  the  system  the  high-voltage  primary  of  this  series 
transformer  broke  through  to  the  secondary,  which  in  turn  struck 
through  to  the  adjacent  1 10  volt  direct  current  lead  mentioned,  and 
the  whole  exciter  system  became  charged  with  high  potential,  doing 
considerable  damage. 

In  laying  out  a  power  station  cable  system  the  questions  are 
often  raised  whether  to  use  lead-covered  or  braided  cables,  and 
whether  to  run  in  ducts  or  expose  upon  racks  in  cable  subways. 
In  my  opinion,  lead -covered  cables  should  not  be  used  in  a  power 
house  except  in  places  where  protection  against  water  is  required. 
The  lead  sheath  being  necessarily  grounded  makes  the  cable  vul- 
nerable to  puncture  from  ground  throughout  its  entire  length, 
which  danger  does  not  exist  in  a  braided  cable.  On  account  of  the 
softness  of  lead,  it  serves  as  a  ver)'  poor  guard  against  mechanical 
injurv.  If  a  lead-covered  cable  is  struck  the  grounded  lead  is  very 
likely  to  be  driven  through  the  insulation  to  copper,  and  the  cable 
is  put  out  of  business.  Braid-covered  rubber  cables  are  not 
exposed  to  this  risk.  As  a  protection  against  fire,  a  lead  covering 
is  useless,  for  the  lead  melts  at  a  very  low  temperature,  and 
exposes  the  inflammable  insulating  compound  to  ignition.  When 
once  started  a  lead-c(jvered  cable  will  support  its  own  combustion 
until  completely  destroyed. 

In  high-voltage  work  a  single-conductor  lead-covered  cable  is 
especially  objectionable.  Static  discharges  seem  to  take  place 
through  the  insulation  to  the  lead,  which  rapidly  injures  the  insula- 
tion— especial ])■  rubber — and  a  break-down  soon  follows.  I  have 
known  a  number  of  instances  where  such  single-conductor  cables 
have  withstood  a  test  of  three  times  normal  voltage  and  have 
broken  down  at  normal  voltage  a  few  hours  after  being  put  in  ser- 
vice. These  break-downs  occur  usually  near  the  ends  of  the  cable. 
In  multiple-conductor  cables  this  action  does  not  seem  to  occur,  the 
static  activity  probably  being  neutralized. 

The  present  tendency  in  power  station  construction  is  to  put 
all  cables  in  groups  of  ducts  as  a  protection  against  fire.  The 
arrangement  serves  this  particular  purpose,  but  it  is  not,  in  may 
opinion,  a  satisfactory  solution   of   the   general  problem,    and  it   is 
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open  to  several  ohjeclions.  In  the  first  jjlace,  where  cables  are 
drawn  into  ducts  a  lead  sheath  is  usually  needed  to  protect  the 
insulation  from  abrasion.  If  the  cable  is  single-conductor,  operat- 
ing at  high  voltage,  we  have  the  objection  stated  abo\'e  against 
this  combination.  If  the  cable  is  not  lead-covered  and  operates  at 
high  \oltage,  a  static  discharge  also  takes  i:)lace  to  the  tile  duct, 
which  breaks  down  the  insulation  in  time.  Furthermore,  if  the 
cables  in  the  ducts  are  of  low  voltage  carrying  large  currents,  and 
if  a  number  of  them  are  grouped  together,  serious  difficulties  will 
be  encountered  from  lack  of  ventilation  and  consequent  overheating 
of  the  cables. 

In  my  opinion,  as  a  general  proposition,  especially  in  high- 
voltage  work,  the  best  way  to  wire  a  power  house  is  to  use  braided 
rubber  insulated  wire,  supported  in  free  air  upon  porcelain  or  other 
insulators  which  in  themselves  have  sufficient  insulation  to  with- 


FIG.    I CABLE  RUNWAY  FOR  STATION   WIRING 

stand  the  operating  x'oltage  of  the  cable.  The  rubber  insulation 
then  serves  only  as  a  safeguard  to  life  in  case  of  momentary  con- 
tact, and  to  prevent  a  short-circuit  in  case  of  temporarily  placing 
tools  or  such  things  upon  the  cables.  Cables  should  be  spread  out 
as  far  as  possible  from  each  other,  in  order  to  obtain  the  best 
possible  ventilation  and  to  minimize  trouble  in  case  of  short-circuit. 
In  connection  with  the  question  of  ventilation,  I  should  like  to 
call  your  attention  to  the  fact  that  the  temperature  of  the  outside 
of  a  cable  does  not  indicate  its  ma.ximum  temperature.  Some 
experiments  made  at  Niagara  by  Mr.  H.  W.  Fisher  show  that  there 
may  be  a  difference  as  high  as  40°  C  between  the  outside  of  the 
cable  and  the  inside  of  the  insulation.  For  this  reason  cables 
should  have  their  outside  temperature  kept  lower  than  is  ordinarily 
the  case.  In  laying  out  a  cable  system  the  matter  of  ventilation 
should,  therefore,  be  regarded  as  of  prime  importance. 
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Where  cables  traverse  a  floor,  the  arrangement  shown  in  section 
in'Fig.  I  makes  a  safe  installation  for  cables  of  even  the  highest 
potentials.  Where  cables  or  wires  pass  through  walls,  the  ordi- 
nar^■  method  of  cementing  a  porcelain  bushing  in  the  wall  has 
objections  against  it.  The  bushing  is  apt  to  crack  from  differences 
of  temperature  on  the  two  sides  of  the  wall,  or  from  settling-strains 
in  the  wall,  and  a  break-down  occurs.  It  is  much  safer  to  cut  a 
square  opening  in  the  wall  and  place  an  insulator  as  shown  in  Fig. 
2.  If  exposed  to  the  weather,  the  construction  shown  in  Pig.  3  is 
simple  and  is  safe  for  the  highest  voltages. 

Where  a  large  number  of  cables  have  to  be  led  through  a  sub- 
way on  account  of  the  conformation  of  power-house  structure,  they 
should  preferably  be  racked  on  insulators  in  such  a  w^ay  as  to  give 

good  \'entilation  and  to  render 
each  cable  accessible.  It  is  well 
to  locate  the  cables  on  the  walls 
of  the  subway  and  as  low  down 
as  possible,  so  as  not  to  be 
influenced  by  the  hot  air  which 
will  float  at  the  top  of  the  sub- 
way. When  cables  are  installed 
in  this  way  they  should  be  ren- 
dered fireproof  by  some  means. 
A  method  which  has  been 
adopted  by  the  Niagara  Falls 
Power  Company  consists  of  the 
following: 

Asbestos  strip,  about  3  inches  wide  and  y\r  inches  thick,  is 
soaked  in  a  silicate  of  soda  solution  until  it  is  thoroughly  impreg- 
nated. It  is  then,  while  soft,  wrapped  spirally  around  each  cable 
which  has  been  i)ut  in  place  on  its  rack  in  the  subway.  This  cov- 
ering very  quickly  hardens  and  forms  a  coating  like  stone  over  the 
braid  of  the  cable  which  is  fire]:)roof.  Asbestos  applied  in  this  way 
has  many  advantages.  It  needs  no  binding  wire  or  steel  bands  to 
hold  it  in  i)lace  around  the  cable,  which  are  apt  to  uncoil  when 
most  needed,  for  the  silicate  serves  as  a  firm  bond.  Furthermore, 
the  asbestos,  having  its  pores  entirely  filled,  becomes  a  good  con- 
ductor of  heat,  and  the  heat  from  the  copper  losses  can  get  out  by 


'  y  A 

'  /  / 

/  / 

/  / 

'  /  ■' 

/  ^ 

'  /  / 

'// 

/  / 

^  /  y 

'  /  / 

' '/ 

y^  / 

'y/ 

1 >     ) *-i 

/  / 

'//' 

1'        V^        T 

//\ 

y/y 

/                     ^\ 

'  '0' 

/  y  ^ 

/                            \ 

■     y  / 

y  Ay 

/                                 \ 

/  /  / 

,  y , 
y . 

/                                    \ 

'  y  ^ 

/// 

■-'// 

/           \ 

zj 

J            \ 

^  /  / 

'y  y 

/  /  /  /    ///  /  y  /    //    /  /  /  /  /  ^'  /  /    ^  . 

/    /  / 

'y//////,''y'yy//yy/yy'y'/y/\ 

,  ,  y  ,  /  /  /  /  y  /  y/  y  '  /  /  ■■  y  y  y  y  y  y  y  y  /  \ 

FIG.  2- 


-WALL  OPENING  FOR  LOW- 
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conduction.  Dry  asbestos,  on  the  other  hand,  in  a  porous,  cloth- 
like condition,  is  a  good  insulator  of  heat,  which  is  likely  to  subject 
the  insulation  of  the  cable  wrapped  with  it  to  a  hi<;h  temperature. 
The  method  of  fire  proofing  here  described  has  been  given  severe 
fire  tests,  and  it  has  served  its  ]Hiri:)0se  in  every  case. 

Most  of  the  so-called  fireproof  braids  put  on  cables  are  not 
fireproof  for  this  reason:  The  coiling  and  uncoiling  of  completed 
cable  at  the  factory  and  during  the  process  of  installation  cracks 
the  fireproof  braid,  which  naturally  is  hard  and  brittle,  and  leaves  it 
full  of  minute  cracks  and  pores.  As  soon  as  the  cable  is  heated  b)- 
fire  the  rubber  compound  of  the  insulation  gives  off  a  combustible 
gas  which  comes  out  through  these  cracks  and  burns  in  the  form 
of  numerous  little  gas  jets,  which  is  practically  the  equivalent  of 
the  rubber  burning  directly.      A  wrapping   of  untreated  asbestos 
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FIG.   3 ^WALL  OPENING   FOR  HIGH-VOLTAGE  CABLES 

strip  which  is  sometimes  used  is  no  better,  for  as  soon  as  the  fire 
reaches  the  cable  so  wrapped  the  heat  melts  the  rubbei-  compound 
and  the  asbestos  wrapping  draws  it  out  like  a  wick  and  burns 
furiously. 

The  covering  of  impregnated  asbestos  strip,  as  described, 
while  hard  and  brittle  also,  is  not  moved  after  it  is  put  upon  the 
cable,  and  remains  solid  and  homogeneous,  without  cracks  or  pores. 
This,  when  heated,  confines  the  melted  rubber  and  inflammable  gas 
and  does  not  carry  fire. 
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Special  precautions  should  be  taken  in  installing  the  cables  in 
a  power  house  which  lie  inside  of  the  circuit  breakers,  for  these,  in 
case  of  trouble,  are  not  protected  automatically. 


UNDERGROUND    WIRING 


The  conditions  governing  underground  cable  work  are  quite 
different  from  interior  wiring.      Here  lead  covering  is  absolutely 
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FIG.  4 ORDINARY    TYPE  OF  MANHOLE 

necessary  for  cable  protection  on  account  of  water,  and  also  because 
paper  cables  must  be  used  for  reasons  of  economy,  and  all  cables 
must  be  drawn  into  ducts  underground,  for  any  form  of  subway 
with  bracket  supports  for  the  cable  would  be  prohibitive  in  cost. 


FIG.     5 I.MPROVED   lOKM   OF   MANHOLE  CONSTRUCTION 

My  objection  to  the  single-conductor  lead-covered  cables  still  holds 
for  underground  use  for  voltages  over  5,000.  Such  high-voltage 
conductors  should,  if  possible,   be  placed   in  the   form  of  multiple- 
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conductor  cables,  where  breakdown  in  insulation  from  static  effects 
is  seldom  experienced  if  liberal  sized  bells  arc  used  at  the  terminals 
of  the  cable. 

In  connection  with  underground  cable  work  1  should  like  par- 
ticularly to  call  your  attention  to  the  grouping  of  ducts  and  con- 
struction of  manholes.  Ordinarily  ducts  are  bunched  together  and 
brought  out  at  the  center  of  the  manhole,  as  shown  in  Fig.  4. 
Here  the  cables  divide,  half  passing  on  one  side  and  half  on  the 
other  side  of  the  manhole,  being  racked  on  the  manhole  walls. 
This  design  is  objectionable  for  a  number  of  reasons.  First,  it 
exposes  every  cable  in  the  conduit  to  damage  from  short-circuit  at 
the  points  A-A,  where  they  are  in  close  proximity  to  each  other 
Secondly,  it  necessitates  bending  every  cable  sharply  at  points  A 
and  B  in  everv  manhole,  which   tends  to  crack  the  insulation  and 
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-M.\NHOLE  CONSTRUCTION  ADOPTED  BY  NIAGARA    FALLS 
POWER  COMPANY. 


cause  trouble.  Most  break-downs  in  underground  work  do  occur 
at  these  points.  Another  objection  to  this  form  of  conduit  con- 
struction is  from  the  standpoint  of  heating.  The  cables  in  the 
inner  ducts,  if  heavily  loaded,  will  rise  to  a  high  temperature,  for 
there  is  no  way  for  the  heat  to  get  away  by  conduction.  The  inner 
ducts  are  surrounded  by  chambers  containing  still  air,  which  con- 
stitute the  best  possible  insulator  of  heat. 

Ducts,  in  my  opinion,  should  never  be  grouped  more  than  two 
in  width,  so  that  every  duct  will  have  an  outlet  for  heat  conduction 
through  the  surrounding  earth.  A  much  better  form  of  construc- 
tion is  shown  in  Mg.  5.      Mere  the  ducts  are  groui)ed   onh'  two  in 
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width,  and  the  conduit  enters  the  manhole  at  the  side,  so  that  the 
cables  can  pass  straight  through  on  the  side  wall  without  bending. 
A  further  step  in  design  leads  to  the  arrangement  shown  in  Fig.  6. 
Here  the  ducts  are  still  laid  in  one  trench,  but  the  ducts  are  placed 
in  four  separate  groups,  spaced  apart  by  concrete,  as  shown.  The 
manholes  are  built  with  a  vertical  division  wall  through  the  center 
and  two  entrance  holes.  Removable  soapstone  shelves  divide  the 
groups  of  cables  horizontally,  so  that  not  more  than  one-quarter  of 
the  number  of  cables  in  the  conduit  can  be  damaged  by  short- 
circuit  at  any  time.  In  this  design  the  cables  also  run  straight 
through  the  manhole  without  bending.  This  construction  has  been 
adopted  by  the  Niagara  Falls  Power  Company  on  all  its  recent 
conduit  work  and  the  results  obtained  have  been  very  satisfactory 
in  practice.  In  places  where  rock  is  near  the  surface  of  the  ground 
the  construction  shown  in  Fig.  7  is  adopted,  which  recjuires  only  a 
very  shallow  excavation  and  affords  excellent  conditions  for  the 
dissipation  of  heat  from  the  ducts. 
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FIG.   7 M.WHOLE  COXSTKUCTION  OF  SHALLOW  TRENCHES 

The  heating  of  underground  conduits  is  a  matter  which  is 
overlooked  to  a  great  extent,  and  it  is  probable  that  many  under- 
ground cables  for  this  reason  are  operating  at  a  much  higher  tem- 
perature than  they  should.  The  heating  constants  \ary  consider- 
ably with  the  nature  of  the  soil  surrounding  the  conduit,  but  a 
fairly  safe  rule  is  not  to  exceed  3  watts  per  duct-foot  as  a  maxi- 
mum for  copper  loss  in  cable,  and  not  to  concentrate  too  many 
ducts  in  one  group. 

The  forced  ventilation  of  underground  conduits  has  been  tried, 
but  without  success.     Forcing  air  under  pressure  through  the  ducts 
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has  the  effect  only  of  lowering  the  temperature  at  the  end  where 
the  air  enters,  but  of  raising  the  temperature  toward  the  end  where 
the  air  escapes.  There  is  a  method,  however,  of  cooling  cables  in 
ducts  which  is  very  effective,  but  almost  prohibitive  in  cost,  except 
in  a  few  special  cases.  It  consists  of  drawing  into  each  duct  with 
the  cable  a  small  lead  pipe,  through  which  water  is  kept  circulat- 
ing. This  arrangement  is  used  at  Niagara  in  a  conduit  250  feet 
long,  between  Power  House  No.  2  and  the  Transformer  House, 
and  the  results  have  been  very  good. 

Where  single-conductor  lead-covered  cables  are  used  in  under- 
ground installations  for  carrying  large  alternating  currents  at  low 
voltage  trouble  from  induced  current  in  the  lead  sheath  should  be 
guarded  against.  I  do  not  refer  to  local  eddies,  but  to  the  current 
which  flows  in  the  lead  sheath  of  two  parallel  cables  as  secondary 
induced  by  the  current  in  the  copper  of  the  same  cables  as  primar}'. 
This  secondary  circuit  is  shown  in  Fig.  8.      When   the  lead  circuit 
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is  closed  at  two  manholes  by  contact  with  supporting  iron  brackets 
the  current  which  flows  in  the  lead  is  very  considerable,  and  the 
resulting  loss  is  nearly  equal  to  the  /-  R  loss  in  the  copper,  even 
at  25  cycles.  At  higher  frequencies  this  loss  will  probably  be 
greater.  As  a  specific  example  I  will  cite  some  readings  which 
were  taken  on  two  parallel  300-foot  lengths  of  1,250,000  cm.  cable 
carrying  800  amperes  in  the  copper  at  25  cycles.  The  open- 
circuit  voltage  induced  in  the  lead  was  i  5  volts,  and  with  the  lead 
sheaths  short-circuited  at  one  end  through  an  ammeter,  the  current 
was  found  to  be  approximately  200  amperes.  You  can  see  from 
these  figures  that  the  matter  is  (jne  of  the  greatest  imj^ortance,  and 
special  precautions   should  be  taken  in   all    underground   work   to 
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meet  it.  The  lead  sheaths  of  all  cables  should  be  either  bonded 
together  carefully  in  e\ery  manhole  or  else  carefully  insulated.  If 
neither  one  thing  nor  the  other  is  done,  sparking  will  occur  from 
this  lead  current  at  the  cable  supports  at  the  manholes,  which  will 
burn  through  the  lead  sheaths  and  cause  a  break-down. 

In  conduits  built  of  insulating  material,  such  as  vitrified  clay, 
little  trouble  need  be  feared  from  electrolysis  if  the  condu't  is  well 
drained  and  dry.  If  the  ducts,  however,  contain  water  and  the 
cables  are  partially  submerged,  the  lead  covering  will  rapidly  disin- 
tegrate, unless  the  sheath  is  bonded  at  frequent  intervals  to  the 
nearest  railway  return  circuit. 

In  conclusion  I  may  say  that  the  points  brought  out  in  this 
paper  are  not  based  upon  theor\-,  but  uj)on  actual  experience  with  a 
large  variety  of  electric  cables  operating  under  various  conditions. 


CAR  EOUIPl'EI)   WITH   SINGLE-PHASE   MOTORS 

THE    WESTINGHOUSE    SINGLE-PHASE    RAILWAY 

SYSTEM 

By   Clarence  Renshaiv 

IN  considering  the  single-phase  railway  system,  it  ma)-  be 
divided  conveniently  into  two  parts — the  generating  and 
distributing  system,  which  includes  the  generating  station, 
the  transmission  line,  the  transformer  stations  and  the  trolley  line; 
and  the  car  equipment,  which  includes  the  control  apparatus,  the 
motors  and  the  auxiliary  apparatus.  The  various  details  will  be 
described  under  these  two  heads. 

GENERATING    AND    DISTRIBUTING    SYSTEM 

Generators — Two-phase  generators  are  preferable  to  single- 
phase  on  account  of  the  increased  output  for  a  given  amount  of 
material.  The  two  phases  should  be  kept  separate,  and  should 
supply  different  parts  of  the  road.  An  insulator  must,  of  course, 
be  placed  in  the  trolley  wire  to  separate  the  two  parts  of  the  line 
thus  served. 

Where  three-phase  machines  are  already  installed,  they  can 
be  utilized  by  carrying  off  three  separate  single-phase  circuits,  and 
dividing  the  line  into  three  sections  instead  of  two. 

Freqiiencv — The  standard  frequency  of  3,000  alternations,  or 
25  cycles,  has  been  adopted  for  single-phase  railway  work. 
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Transmission  Voltaiie — The  voltage  of  the  transmission 
Une,  which  supphes  the  high-tension  side  of  the  transformer  sta- 
tions, may  be  chosen  in  the  same  manner  as  the  voltage  of  any 
high-tension  transmission  line,  with  reference  to  the  distance  of 
transmission  and  the  general  local  conditions. 

High  Tension  Fuse  Circuit  Breaker  or 
Oi]  Circuit  Breaker 


High  Tension  Line 


-TT^ 


Choke  Coils 
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Lightning  Arrester 
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Auto  Circuit  Breaker 


-I-  Knife  Switch 
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Low  Equivalent  Lightning  Arrester 


FIG.  I- 


TroUcy 
CONNECTIONS  OF   APPARATUS    IN   TRANSFORMER  STATION 


Transformer  Stations — Power  will  be  supplied  to  the  trol- 
ley through  the  transformer  stations  located  along  the  line.  Each 
station  need  contain  only  a  single  transformer  unit,  since  the  sta- 
tions will  be  placed  so  close  together  that  in  case  of  accident  to 
one  of  them  the  adjacent  ones  can  supply  sufficient  power  to 
enable  the  cars  to  still  operate  over  the  portion  of  the  line  ordinar- 
ily fed  by  the  damaged  transformer  station. 

In  general,  with  a  trolley  voltage  of  i,ooo,  a  car  equipment 
not  larger  than  four  loo-hp  motors  and  with  a  schedule  such  that 
no  more  than  two  cars  will  at  any  one  time  be  located  between 
two  adjacent  transformer  stations,  the  transformer  stations  may 
be  placed  from  about  six  to  eight  miles  apart  without  requiring 
any  i,ooo-volt  conductors  other  than  the  trolley  wire  and  the 
track  rails. 

There  will  be  no  moving  machinery  in  these  transformer  sta- 
tions, and  therefore  constant  attendance  will  be  unnecessary.  As 
transformers  require  only  a  com})aratively  small  space,  the  trans- 
former-station buildings  ma\'  l)e  small  and  conn)arati\cly  cheap. 
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Fig.  I  gives  a  general  idea  of  the  connections  of  the  apparatus 
in  a  transformer  station  containing  the  following  apparatus: 

I — Oil-insulated  self-cooling  transformer. 

2 — High-tension  fuse  circuit-breakers,  with  the  necessary 
barriers. 

2 — Low-equivalent  lightning  arresters  for  protecting  the  high- 
tension  transmission  lines. 

2 — Choke  coils  for  use  with  lightning  arresters. 

I — Automatic  oil  circuit-breaker  in  the  low-tension  circuit 
between  the  transformer  and  the  trolley,  so  arranged  as  to  open 
only  on  a  continued  short-circuit,  or  a  fuse  and  a  switch. 

2 — Knife  switches  to  disconnect  the  circuit-breaker  from  the 
trolley,  to  enable  inspection  or  repairs  to  be  made. 

I — Low-tension  liirhtnine:  arrester. 


FIG.    2- 


-SINGLE  PHASE    RAILWAY    MOTOR 

Trolley  Voltage — The  voltage  which  may  be  used  on  the 
trolley  is  limited  in  general  by  the  insulating  material  which  is 
available.  A  high  voltage  trolley  will  require  different  line 
materia]  fr<Mn  the  present  standards.  Line  material  for  t,ooo  volts 
can  be  readily  obtained  in  the  market  at  present,  and  it  is  not 
known  that  such  material  for  any   higher  voltage  is  now  on  the 
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market.  Hence,  approximately,  1,000  volts  (i.  e.,  1,100  volts  at 
the  i;-enerator  or  transformer  station)  is,  in  general,  the  maximum 
allowable  at  present,  and  this  is  considered  as  standard.  Lower 
trolley  voltages  may  be  used  where  local  conditions  require  it. 


High  Tension  Line 


Transformer  Station 


-D- 


500  Volt      ■ — '     1000  Volt  TroUcy 
Line  Circuit  Breaker 


Line  Circuit  Breaker 
500  Volts  1000  Volt  TroUey 


Fig.   3 

An  equipment  can  readily  be  arranged  to  operate  at  two  dif- 
ferent trolley  voltages  so  that,  for  instance,  a  high-voltage  trolley 
may  be  used  in  open  country  and  a  lower-voltage  trolley  in  towns 
or  cities.  This  arrangement  can  be  provided  for  by  means  of  a 
low-voltage  tap  on  the  high-tension  side  of  the  main  auto-trans- 
former on  the  car,  and  a  double- 
throw  switch,  so  that  the  wire 
from  the  trolley  can  be  connected 
to  cither  one  of  the  two  taps  on 
the  main  auto-transformer. 

Figs.  3  and  4  show  how 
low-voltage  sections  of  trolley 
may  be  supplied.  If  the  low- 
voltage  section  is  adjacent  to  a 
transformer  station   fed    by  the  ^ 
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high-tension  transmission  line,  an  extra  tap  from  the  low-tension 
side  of  the  transformer  will  suffice. 

Where  it  is  necessary  to  pass  over  tracks  already  occupied  by 
cars  using  direct  current,  an  additional  trolley  wire  may  be  placed 
alongside  of  the  direct  current  trolley  wire  to  carry  the  alternating 
current.  The  voltage  of  this  alternating  current  trolley  may  then 
be  made  approximately  the  same  as  that  of  the  direct  current 
trolley. 

Should  a  direct  current  car  place  its  trolley  on  the  alternating 
current  wire,  the  inductiv^e  resistance  of  the  motors  would  prevent 
sufficient  current  flowing  to  damage  them  and  the  error  would  be 
quickly    evident  from    the  fact    that    the    car  would  not    operate. 

TroUey 

Circuit  Breaker 


For  Large  Equipm  mts 


'wm^ 


-^^W^W) 


RaU 
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Fig.  5 

Should  the  trolley  of  an  alternating  current  car  be  placed  on  the 
direct  current  wire,  a  large  current  would  instantly  tend  to  flow 
through  the  transformer,  but  this  would  open  the  circuit-breaker  at 
once,  and  damage  would  thus  be  prevented. 


CAR    EOUIPMKXTS 


The  essential  details  of  car  equipments  are  shown  in  Figs.  5 
and  6.  Starting  from  the  trolley,  these  include  the  circuit-breaker, 
main    auto-transformer,    induction    regulator   (or  hand  controller), 
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reverse  switch,  motor  cut-out  switch,  and  motors.  Lighting  trans- 
former, hghtning  arrester,  lamps,  sockets,  wiring,  etc.,  are  also 
included. 

I.xDUCTioN  Regulator  Control — Any  standard  equipment 
for  use  on  cars  where  compressed  air    is   available,  (i.  e.  cars  with 
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air-brakes)  can  be  supplied  with  induction  regulator  control.  When 
this  is  used,  the  regulator,  reverse  switch  and  circuit-breaker  will 
be  operated  by  compressed  air  from  the  brake  system  of  the  car, 
and  controlled  by  means  of  a  master  switch  through  electro-mag- 
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Induction  Regulator 
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To  Motors 
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netic  valves.  These  valves  will  be  similar  in  general,  to  those  used 
on  direct  current  unit-switch  control  and  on  the  signaling  systems 
of  various  railroads. 

Action  of  Induction  Regulator — The  action  of  the  induction 
regulator  may  be  easily  understood  by  reference  to  Figs.  7A  and 
7B.  The  regulator  is  essentially  a  transformer  with  the  primary 
core  and  winding  movable  with  respect  to  the  secondary. 

With  the  primary  as  in  Fig.  7A,  the  maximum  voltage  is  gen- 
erated in  the  secondary  of  the  regulator,  and  it  opposes  the  voltage 
of  the  main  auto-transformer.  With  the  primary  180  degrees 
from  this  position,  the  voltage  of  the  regulator  will  aid  that  of  the 
autc^-trans former.  With  the  primary  of  the  regulator  in  the  posi- 
tion shown  by  Fig.  7B,  the  voltage  of  the  secondary  is  zero,  so  that 
it  neither  aids  nor  opposes  the  voltage  of  the  auto-transformer. 

The  car  is  started  with 
the  voltage  of  the  regulator  a 
maximum,  and  opposing  that 
of  the  auto-transformer.  The 
regulator  is  then  moved  grad- 
ually until  the  position  is 
reached  where  its  voltage  is  a 
maximum  and  aids  that  of  the 
auto-transformer.  This  is 
then    the  full-speed  position. 

Train  Control — The  induction  regulator  control  can  be  read- 
ily adapted  for  multiple-unit  train  operation  with  slight  additions  in 
the  way  of  apparatus  and  wiring. 

Hand  Control — For  small  equipments  hand  control  may  be 
used.  This  will  consist  of  platform  controllers  similar  in  general 
to  the  present  direct  current  controllers. 

W^ith  the  hand  control,  as  now  proposed,  the  motors  will  be 
connected  successively  to  different  taps  on  the  main  auto-trans- 
former, as  shown  in  Fig.  5.  The  voltage  applied  to  the  motor  thus 
depends  on  the  position  of  the  contact  point  D.  This  control  will 
have  a  definite  number  of  steps  similar  to  the  direct  current  control 
but  the  motors  can  be  run  continuously  on  any  step,  and  there  will 
be  no  rheostatic  losses. 


Fig.    715 
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Motor  Voltage — As  may  be  seen  from  Figs.  5  and  6,  the 
motor  voltage  is  entirel}-  independent  of  the  trolley  voltage.  A 
standard  motor  voltage  of  250  has  been  adopted  for  single-phase 
railway  motors,  regardless  of  the  trolley  voltage  used. 

Lights  and  Air  Compressor — -In  general,  the  lights  in  the 
car  will  be  supplied  by  a  small  auxiliary  transformer  reducing  the 
trolley  voltage  to  approximately  50  volts.  If  electric  heaters 
are  desired,  these  may  be  operated  from  the  main  avito-transformer. 
The  air  compressor  for  supplying  brakes  and  operating  the  induc- 
tion regulator  will  be  operated  by  a  series  alternating  current  motor 
taking  current  from  the  lighting  transformer. 

Arrangement  of  Motors — As  a  rule,  the  motors  will  be 
connected  permanently  in  parallel,  both  in  two  and  four-motor 
equipments.  The  use  of  voltage  control  makes  series-parallel  con- 
nections unnecessary  and  inadvisable. 

The  fields  of  all  of  the  motors  will  also  be  connected  perma- 
nently in  parallel,  substantialy  as  shown  in  Figs.  5  and  6,  thus 
allowing  a  simple  reverse  switch.  Such  an  arrangement  is  permis- 
sible with  alternating  current,  although  not  with  direct  current  since 
with  the  former  the  currents  automatically  adjust  themselves  to 
give  equal  field  strength  in  each  motor. 

Weights  of  Equipments — In  general  the  motors  will  weigh 
approximatcl)-  the  same  as  direct  current  motors  of  the  same 
capacity.  In  general  also  the  regulator  and  transformer  for  a  four- 
motor  equipment  will  together  weigh  approximately  the  same  as  a 
single  motor. 

A  complete  equipment  including  all  apparatus  will  weigh 
approximately  i  5  percent  more  than  a  direct  current  equipment  of 
the  same  capacity. 

Since  the  weight  of  an  equipment  usually  forms  only  about 
one-fourth  of  the  total  weight  of  car,  equipment,  and  load,  how- 
ever, an  alternating  current  car  should  in  general  exceed  the  weight 
of  a  direct  current  car  by  less  than  5  percent. 

Troi.lev.s — For  single  cars  run  at  speeds  not  over  60  miles 
an  hour  and  with  trolley  voltage  of  approximately  1,000  it  is  pro- 
posed at  present  to  use  standard  direct  current  trolleys,  except  that 
an  insulating  base  will  be  provided.  Protection  in  handling  the 
trolley  rope  will  be  afforded  by  insulators  between  the  rope  and  the 


//. 


TJij-:  j:ij:ctric  ci.i'r>  jorRx.iL 


trolley,  and  by  having  a  grounded  metallic  end  on  the  [)art  of  the 
rope  which  is  handled. 

For  very  high  speeds,  or  where  cars  are  to  be  run  in  trains  at 
all  times,  a  form  of  bow-trolley   will  be  used. 

Motors — Motors  of  50,  75,  100  and  i  50-hp  are  being  built, 
and  are  considered  standard  sizes. 

In  general,  the  external  appearance  of  the  motors  will  be  sim- 
ilar to  that  of  direct  current  motors.  The  construction,  however, 
will  be  slightly  different.  The  entire  magnetic  part  of  the  field 
will  be  laminated,  the  field  being  built  up  of  annular  punchings, 
with  poles  projecting  radially  inward. 

The  punchings  will  be  held  together  in  a  steel  frame.  The 
motor  will  thus  be  of  the  box  type,  the  armature  being  put  in  or 
taken  out  through  the  ends. 

The  field  coils  will  be  of  copper  strap  of  large  cross  section, 
and  there  will  be  but  few  turns  per  coil. 
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The  armatures  will,  in  <;"eneral,  be  similar  in  all  essentials  to 
the  armatures  of  direct  current  railway  motors. 

The  illustrations  and  curves  of  the  No.  91  railwa}'  motor  here- 
with given  represent  the  first  commercial  design  of  these  single- 
phase  motors.  Motors  now  being  built  will  have  substantially  the 
same  ap]^earance  as  the  No.  91  motor,  but  will  represent  an 
advance  both  in  performance  and  in  mechanical  design. 

Capacity — The  horse-power  ratings  which  are  given  to  these 
motors  correspond,  in  general,  to  the  nominal  horse-power  ratings 
which  are  given  to  direct  current  railway  motors.  That  is,  it  is  the 
load  which  the  motors  will  carry  at  rated  voltage  for  one  hour  with 
a  rise  in  temperature  of  approximately  75°  C  in  the  windings. 
The  temperature  is  measrued  by  thermometers. 

In  general,  these  motors  will  carry  continuousl)'  from  45  to 
50  percent  of  their  full  load  current  at  the  reduced  average  voltage 
which  would  be  placed  ujion  them  in  actual  service,  with  a  rise  in 
temperature  of  approximately  60° C. 

As  the  armature  mav  be  momentarily  short-circuited  without 
damage  to  the  motor,  there  should  be  no  tendency  to  flash  across 
between  brushes,  or  from  the  brushes    to   the  frame  of  the  motor. 

Power-Factor — The  apparent  input  of  an  alternating  current 
motor  may  be  divided  into  two  components  at  right  angles  to  each 
other.  One  of  these  is  called  the  energy  component  and  the  other 
the  inductive  component.  The  energy  component  represents  the 
power  input  to  the  motor,  and  includes  not  only  the  useful  input 
which  appears  as  output  at  the  shaft  of  the  motor,  but  also  the 
losses.  The  relation  between  these  two  components  is  such  that 
the  sum  of  their  squares  is  equal  to  the  square  of  the  total  appar- 
ent input. 

The  power-factor  of  a  motor  is  the  ratio  of  the  energy  com- 
ponent to  the  total  apparent  input,  and  since  it  is  merely  the  ratio 
of  two  quantities,  the  power-factor  alone  gives  no  idea  of  the  value 
of  either  quantity.  In  judging  whether  the  jierformance  of  a  given 
motor  is  good  or  bad,  a  knowledge  of  the  power-factor  alone  is  thus 
of  little  value.  The  important  considerations  in  any  given  case  are 
the  actual  magnitudes  of  the  energy  and  the  inductive  components 
and  the  pn)j)ortion  of  tlic  former   which    rej^resents  useful  energy. 
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and  in  order  to  determine  this,  further  information  is  necessary. 
If  the  apparent  input,  for  instance,  is  known  in  adthtion  to  the 
power-factor,  then  the  value  of  the  energy  and  inductive  compo- 
nents can  be  readily  found.  If  the  efficiency  is  also  known,  the  use- 
ful energy  mav  then  be  found  from  the  total  energy. 

Many  engineers  hold  the  idea  that  high  power-factor  in  a 
motor  is  desirable  under  all  circumstances,  just  as  a  high  efficiency 
is  desirable,  this  idea  is  mistaken  and  misleading. 

The  effects  which  are  ordinarily  attributed  to  a  low  power- 
factor  are  really  due  to  a  large  inductive  component.  If  the  value 
of  this  inductive  component  is  kept  the  same  for  any  given  output, 
and  the  power  factor  raised  by  increasing  the  energy  component, 
the  general  conditions  will  be  worse  rather  than  better.  If  two 
motors,  for  instance,  have  the  same  inductive  component  with  a 
given  output,  but  the  efficiency  of  the  first  is  less  than  that  of  the 
second,  then  the  energy  component  of  the  first  will  be  greater  than 
that  of  the  second,  and  consequently  the  power-factor  of  the  first 
will  be  greater  than  that  of  the  second.  In  this  case  the  motor 
with  the  higher  power-factor  is  the  poorer  of  the  two,  since  it  has 
the  same  inductive  element  and  at  the  same  time  requires  a  greater 
actual  power  input. 

In  the  alternating-current  railway  motor  the  inductive  com- 
ponent depends  on  the  current.  Since  approximately  the  same 
current  is  required  to  produce  a  given  torque,  whether  the  motor  is 
merely  at  the  point  of  starting  or  whether  it  is  running  at  full 
speed,  the  inductive  component  will  be  practically  the  same  for  a 
given  torque  whether  the  motor  is  starting  or  whether  it  is  running 
at  full  speed.  When  the  motor  is  running  at  full  speed,  however, 
there  is  a  large  output,  and  consequently  a  large  energy  compo- 
nent, thus  giving  a  high  power-factor.  At  the  moment  of  starting, 
there  is  no  output,  and  the  only  energy  component  in  the  motor  is 
that  due  to  its  losses.  If  the  internal  losses  are  low  (which  will 
be  the  case  with  an  efficient  motor),  then  the  power  factor  of  the 
motor  when  starting  will  also  be  low. 

Since  the  alternating  current  railway  motor  has  a  high  power- 
factor  at  full  load  (approximately  90  percent  or  more),  it  is  evident 
that  the  value  of  the  inductive  component  under  these  circmn- 
stances  must  be  relatively  small.      It  has   already   been  noted    that 
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when  the  motor  is  starting  with  full-load  torque  the  inductive  com- 
ponent is  the  same  as  at  full  load.  Since  there  is  no  power  devel- 
oped when  starting  (due  to  the  fact  that  the  speed  is  zero),  the 
only  energy  component  which  there  can  be  is  that  due  to  the  losses. 
A  motor  of  low  efficiency,  therefore,  would  show  a  fairly  high 
power-factor  under  these  circumstances,  since  it  would  have  a  fairly 
large  energ)-  component.  The  fact  that  the  power-factor  under 
these  circumstances  is  not  high,  thus  shows  that  the  losses  are  not 
high:  that  is,  that  the  motor  is  an  efficient  one. 

In  considering  the  matter  of  power-factor  when  starting,  the 
alternating  current  railway  motor  must  be  carefully  distinguished 
from  the  induction  motor.  In  an  induction  motor,  to  produce  full- 
load  torque  at  the  start,  there  must  be  an  expenditure  of  full-load 
energy  in  the  secondary  circuit,  and  for  other  starting  torques  a 
proportionate  amount  of  energy  is  required.  In  an  induction  motor, 
therefore,  the  energy  component  at  starting  is  in  general  taken  as 
an  indication  of  the  torque,  although  a  large  expenditure  of  energy 
does  not  necessarily  mean  a  large  torque. 

In  induction  motors,  as  in  all  alternating  current  motors,  it  is 
desirable  to  keep  the  inductive  component  as  small  as  possible,  and 
since  a  large  energy  component  is  necessary  to  produce  a  large 
torque  at  starting,  a  high  power-factor  when  starting  with  large 
torque  is  in  general  taken  to  mean  a  low  inductive  component,  and 
consequently  a  favorable  condition.     A   high    power-factor   at    the 
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start  in  an  induction  motor,  however,  does  not  necessaril)-  mean  a 
low  inductive  comi:)onent,  and  lience  does  not  necessarily  mean  a 
favorable  condition. 

In  starting  any  alternating  current  motor,  it  is  impossible  to 
avoid  the  presence  of  an  inductive  component.  In  starting  an  in- 
duction motor,  however,  an  energy  comjoonent  proportionate  to  the 
torque  developed  is  also  required  in  addition  to  this  inductive  com- 
ponent. In  the  alternating  current  railway  motor,  however,  the 
torque  developed  depends  on  current  only,  and  the  development  of 
a  given  torque  does  not  require  the  expenditure  of  any  given 
amount  of  energy.  The  inductive  component  or  wattless  current 
has  the  same  effect  in  producing  torque  as  an  energy  current  of 
the  same  amount.  In  the  alternating  current  railway  motor,  there- 
fore, since  the  inductive  component  will  be  present  in  any  case,  it 
is  desirable  to  utilize  this  current  for  producing  as  much  of  the 
necessary  torque  as  possible,  thus  keeping  the  energy  current  (and 
the  energy)  for  a  given  torque  as  small  as  possible.  That  is  ivitJi 
a  given  inductive  conipojient  it  is  desirable  to  reduce  the  power- 
factor  at  starting  to  as  lozu  a  value  as  possible^  since  this  means 
that  the  losses  will  then  have  as  low  a  value  as  possible. 

The  fact  that  a  low  power-factor  at  starting  represents  an  ad- 
vantageous condition  rather  than  a  disadvantageous  one  with  the 
alternating  current  railway  motor,  may  be  seen  in  another  way.  In 
order  to  produce  a  given  torque,  a  certain  current  is  necessary. 
With  a  direct  current  car,  practically  the  same  current  per  motor 
would  be  required  to  produce  a  given  torque,  as  with  an  alternating 
current  car,  provided  the  conditions  of  gear  ratio,  etc.,  are  the  same. 
In  the  direct  current  car,  however,  the  product  of  the  current  and 
volts  would  represent  the  energy  taken  from  the  circuit.  In  the 
alternating  current  car  the  product  of  current  and  volts  would 
be  approximately  the  same  as  that  for  the  direct  current  car, 
but  this  product  would  represent  only  api)arent  energy  and  not 
real  energy.  Since  the  power-factor  in  the  case  of  the  alternating 
current  car  would  be  low,  usually  from  about  30  to  40  percent,  the 
real  energy  supplied  to  the  alternating  current  car  would  be  only 
this  percentage  of  that  supplied  to  the  direct  current  car  for  pro- 
ducing the  same  torque. 

There  has  been  a  tendency  on  the  part  of  engineers  who  have 
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not  fully  understood  this  point  to  critize  the  fact  that  the  alternat- 
ing current  railway  motor  has  a  low  power-factor  when  starting".  It 
will  be  seen  from  the  above,  however,  that  this  low  power-factor 
when  starting  represents  a  favorable  condition  instead  of  an  unfa\- 
orable  one.  It  is  evident  that  a  certain  current  is  necessary  to 
produce  a  good  starting  torque,  and  if  this  current  can  be  obtained 
without  a  corresponding  expenditure  of  energy,  so  much  the  better. 

COMPARISON   WITH    DIRECT  CURRENT    SVSTEM 

The  operation  of  direct  current  railway  systems  has  been  emi- 
nentl)'  satisfactory  for  two  main  reasons:  First,  because  the  direct 
ciu'rent  series  motor,  owing  to  its  variable  field,  has  speed  torque 
characteristics  which  make  it  particularly  suitable  for  traction  work, 
and  second,  because  only  a  single  trolley  is  necessary.  The  direct 
current  railway  system  has,  however,  a  number  of  disadvantages, 
the  most  serious  of  which,  perhaps,  is  the  comparatively  low  trolley 
voltage  which  is  necessary.  This  feature  has  hampered  to  a  con- 
siderable extent  the  development  of  such  roads. 

(3wing  to  the  ease  and  economy  of  voltage  transformation 
with  alternating  current,  the  use  of  alternating  current  motors 
would  permit  a  high  trolley  voltage  and  at  the  same  time  a  low 
voltage  at  the  motors,  since  a  transformer  could  readily  be  placed 
on  the  car  to  reduce  the  trolley  voltage  for  use  at  the  motors. 
Until  recently,  however,  the  only  alternating  current  motors 'which 
were  available  were  of  the  polyphase  induction  type,  and  such 
motors,  in  addition  to  not  having  the  proper  characteristics  for  rail- 
way work,  had  the  further  disadvantage  of  requiring  at  least  two 
trolley  wires. 

The  alternating  current  railway  system  which  the  Westing- 
house  company  has  recently  placed  on  the  market  possesses  the 
two  main  advantages  of  the  direct  current  system,  since  the  motor 
which  is  used  has  the  same  speed-torque  characteristics  as  the 
direct  current  series  motor,  and  since  single-phase  circuits  obviously 
require  only  one  trolley.  In  addition  to  possessing  these  two  main 
advantages  of  the  direct  current  system,  this  alternating  current 
system  overcomes  a  number  of  its  limitations.  This  is  best  shown 
by  the  statements  in  parallel  columns,  which   follow: 

DIRKCT  CCRRENT    SVSTP^M  AI/riiRNATING  CURRENT  SYSTEM 

(1)     The  voltage  of  a  direct  current  circuit  (1)     The  ideal  arrangement  of  high-trolley 

can  be  changed   only  by  the  use  of  rotating        voltage,  giving  economy  of  transmission,  and 
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luacliiueiy.  It  is  thus,  in  general,  necessarj- 
to  utilize  power  at  approximately  the  same 
voltage  at  which  it  is  generated.  A  high 
voltage  is  desirable  for  transmitting  power, 
in  order  that  the  currents  necessary  for  a 
given  output  may  be  small.  On  the  other 
hand,  the  voltage  for  which  motors  of  the 
commutator  type  can  be  made  is  limited.  A 
voltage  of  nominally  500,  but  actually  as  high 
as  GOO,  has  been  adopted  as  the  standard  for 
direct  current  railwaj-  work.  This  is  a  com- 
promise— being  low  from  the  transmission 
standpoint  and  high  as  regards  the  use  of 
commutator  type  motors. 

(2)  Power  can  be  transmitted  with  reason- 
able economy  by  direct  current  at  nominally 
500  volts  for  from  five  to  ten  miles  from  the 
generating  station.  For  greater  distances 
than  this  the  cost  of  conductors  becomes  ex- 
cessive. A  long-distance  railway  would  thus 
require  power  stations  located  from  ten  to 
twenty  miles  apart. 

To  overcome  this  difTiculty,  power  is  of- 
ten generated  as  alternating  current  and 
transmitted  at  high  voltage.  It  is  then 
changed  into  direct  current  by  means  of  low- 
ering transformers  and  rotary  converters 
located  in  sub-stations  at  suitable  intervals 
along  the  road.  In  these  .systems  the  cost  of 
installation  and  maintenance  of  a  sub-station 
is  such  that  their  use  may  be  looked  upon  as 
a  method  of  making  long-distance  railways 
possible,  rather  than  as  a  means  of  reducing 
the  cost  of  direct  current  feeders. 

(3)  Variable  voltage  for  starting  and  reg- 
ulating the  speed  of  the  motors  is  obtained 
by  connecting  the  motors  in  series  or  paral- 
lel, thus  obtaining  two  economical  speeds. 
Additional  speeds  are  obtained  by  the  use  of 
a  rheostat  in  connection  with  both  of  these 
combinations.  As  ordinarily  installed,  the 
capacity  of  the  rheostat  is  such  that  it  maj' 
be  left  in  circuit  for  only  a  very  short  time, 
so  that,  except  momentarily,  only  two  speeds 
(i.e.,  series  and  parallel)  are  available  for 
continuous  running  with  a  given  torque. 

(1)  The  motors  are  connected  in  series  or 
in  parallel  and  to  the  various  resistance  steps 
by  means  of  a  controller,  which,  in  general, 
consists  of  a  number  of  contacts  bearing  on 
a  revolving  drum.  The  circuit  is  partially 
opened  whenever  the  connection  is  changed 
from  one  resistance  step  to  another;  and  in 
changing  from  series  to  parallel,  or  in  cutting 
off  the  power,  the  circuit  is  completely 
opened.  A  powerful  magnetic  blowout  is 
used  to  break  the  arc  which  is  formed  on 
opening  the  circuit,  and  thus  prevent  burn- 
ing of  the  contacts. 


low  motor  voltage,  giving  minimum  motor 
trouble,  can  be  obtained  by  means  of  a  trans- 
former on  the  car. 

(2 )  I.ong-distance  roads  can  be  supplied  by 
means  of  transformer  stations,  instead  of 
rotary  converter  sub-stations.  These  will  be 
comparatively  cheap,  will  contain  no  syn- 
chronous or  moving  machinery,  and  will  con- 
sequently not  require  constant  attendance. 

The  omission  of  .synchronous  machinery 
renders  the  service  less  liable  tointemiption, 
since  momentary  short-circuits,  or  similar 
troubles,  which  might  interrupt  the  service 
where  .synchronous  apparatus  were  used, 
would  in  many  cases  cause  no  interruption  in 
a  system  where  such  apparatus  was  not 
used.  Moreover,  in  case  of  a  shut-down  from 
any  cause,  service  on  a  system  without  syn- 
chronous apparatus  can  be  resumed  much 
more  quickly  than  in  the  case  of  one  in  which 
it  is  necessarj'  to  synchronize  a  number  of 
rotary  converters  before  power  can  be  put  on 
the  line. 

Although  the  rotary  converter  is  a  highly 
efficient  machine,  some  losses  necessarily 
take  place  in  it,  especially  where  it  is  oper- 
ated with  a  low  load-factor.  The  omission  of 
rotary  cdnverters,  and  their  consequent 
losses,  should  thus  add  materially  to  the  gen- 
eral efficiency  of  the  power  sj-stem. 

A  trolley  voltage  much  higher  than  is  at 
present  in  use  is  allowable  with  alternating 
current  railway  motors,  supplied  by  means 
of  a  transforruer  on  the  car,  and  this,  com- 
bined with  the  cheapness  of  transformer  sta- 
tions, will,  in  general,  allow  the  latter  to  be 
placed  sufficientlj'  near  each  other  to  render 
any  feeders  other  than  the  trolley  wire  un- 
necessary. These  stations  will,  in  general, 
not  require  to  be  placed  much  closer  together 
than  would  rotary  converter  sub-stations. 

(3)  Owing  to  the  ease  and  economj'  of 
voltage  transformation  with  alternating  cur- 
rent, any  desired  voltage  may  be  applied  to 
the  motors  without  the  use  of  resistance. 
Motors  may  thus  be  run  continuously  at  full 
speed,  or  at  any  lower  speed,  and  the  power 
con.sumption  at  all  speeds  will  be  propor- 
tional to  the  energy  actuallj-  expended  in 
driving  the  car. 

^4)  Instead  of  a  controller  making  and 
breaking  a  circuit  on  each  step,  the  motors 
(in  all  equipments  except  those  of  small  size) 
will  be  controlled  by  means  of  an  induction 
regulator,  simple  and  substantial  in  con- 
structioji,  and  without  make  and  break  con- 
tacts or  similar  wearing  parts.  In  changing 
from  one  voltage  to  another,  this  change  is 
produced  gradually  instead  of  by  definite 
steps,  as  in  the  direct  current  system. 
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(5)     When  starting  a  car  the  rheostatic  loss  (5)     Since  there  are  no  rheostats,  there  will 

is  large,  since  almost  the  entire    voltage  of  be  no  rheostatic  loss. 

the  line  is  taken  up  in  the  rheostat.  (,;)     ^yjth   the    use  of  alternating  current 

(ti)     The  use  of  direct  current  on  grounded  instead  of  direct  current,    electrolysis    will 

circuits  is  always  attended  by  electrolysis.  practically  disappear. 

In  concludini;-  this  description  of  the  various  features  of  the 
single  phase  railway  system,  and  its  advantages  as  compared  with 
the  present  direct  current  system,  it  should  be  borne  in  mind  that 
the  advantages  accuring  from  this  system  are  due  primarily  to  the 
use  of  alternating  current,  rather  than  to  any  advantages  of  the  al- 
ternating current  railway  motor  over  the  direct  current  railway 
motor.  It  is,  in  general,  sufficient  praise  for  the  alternating  cur- 
rent railwa\-  motor  to  sav  that  it  weighs  no  more  than  the  direct 
current  motor,  that  it  has  equally  good  characteristics,  and  that  it 
is  almost  as  efficient.  The  credit  for  the  entire  advantage  gained, 
however,  must  be  given  to  the  alternating  current  railway  motor, 
since  it  is  the  development  of  this  motor  which  has  made  the  ex- 
clusive use  of  single-phase  alternating  current  on  railway  systems 
practicable. 


A     TEST     FOR     INDUCTION    MOTOR    WINDINGS 

By   G.  H.   Garce/ofi 

THE  standard  winding  for  an  induction  motor  primary  is  shown 
in  detail  in  the  photograph  Fig.    i.     The  winding  may  be 
considered  as  made  up  of  units  or  "groups."     The  coils  of 
one  phase  for  one  pole  compose  a  group,  the  number  of  groups  in 
a  winding  being  equal  to  the  number  of  poles  multiplied   b}-  the 
number  of  phases. 

The  different  coils  in  each  group  are  all  connected  in  series,  so 
that  current  flows  through  them  in  the  same  direction,  by  means  of 
short  connectors  between  the  coils,  called   "stubs";  the  grou])  is 


FIG.    I INDUCTION   MO'IOK    I'R1.M.\K\ 

very  similar  to  the  field  coil  of  a  direct-current  motor,   except  that 
the  different  turns  are  c//.sV/77w/<rY/ in  several   slots.     The  different 
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groui)s  of  each  phase  are  connected  together,  so  that  current  passes 
through  alternate  groups  in  opposite  directions,  thus  producing 
alternate  north  and  south  poles;  they  may  be  connected  all  in  series 
or  in  equal  parallel  circuits,  depending  principally  upon  the  voltage 
at  which  the  motor  is  to  operate.  There  can  be  as  many  circuits 
in  parallel  as  there  are  poles. 

In  a  three-phase  winding,  the  i)hases  are  connected  together, 
one  end  of  each  phase  being  brought  to  a  common  connection  and 
the  other  three  ends  serving  as  the  terminals  of  the  motor.  In  a 
two-phase  winding,  the  j^hases  are  usually  separate,  all  four  ends 
being  brought  out  as  terminals. 

The  connections  of  a  three-phase,  four-pole  winding  are  shown 
in  Fig.  2,  each  coil  representing  a  group.  By  following  out  the 
winding",  it  will  be  seen  that  one  end  of  each  phase  is  brought  to  the 
common  connection,  ]',  the  other  three  ends  forming  the  terminals 
of  the  winding;  it  will  also  be  seen  that  the  phase  B  is  connected 
in  the  reverse  direction  from  j^hases  A  and  C.  This  is  the  form  of 
connection  used  in  practically  all  three-phase  induction  motor  pri- 
maries and  is  called  the  For  "star"  connection. 


FIG.   2  — THREE-PII.VSE  INDUCTION   MOTOR   WINDING 

Fig.  3  is  a  diagram  of  connections  for  a  two-phase,  four-pole 
winding.  The  phases  are  entirel}-  separate  and  the  winding  is 
simply  two  single-phase  windings.  Therefore  it  is  much  simpler 
to  cc^nnect  and  test  than  a  three-phase  win<Ung. 
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The  windini;"  errors  which  occur  are  wrong  connections 
between  groups,  resulting  in  a  reversed  group  or  even  a  reversed 
phase;  the  accidental  use  of  wrong  coils,  usually  coils  having  a 
wrong  number  of  turns;  short-circuits  in  the  coils;  or  open-circuits 
in  the  coils.  Mistakes  arising  from  wrong  cross-connections  rarely 
get  past  the  winding  inspector,  as  they  are  easily  detected  b)-  an 
inspection  of  the  winding.  The  common  errors  which  develop  in 
the  winding  test  arc  the  hidden  ones — short-circuits,  open-circuits, 
and  wrong  coils — which  can  only  be  detected  electrically. 


FIG.   3 TWO-PHA.SE  INDUCTION  MOTOR  WINDING 

A  test  employing  direct  current  might  be  used;  the  effect, 
however,  of  some  of  the  common  faults,  a  short-circuited  coil,  for 
example,  upon  the  ohmic  drop  is  so  small  that  defective  motors 
would  often  be  passed.  By  using  alternating  current,  not  only  is 
the  ohmic  drop  effected  by  errors,  but  also  the  inductance,  thus 
magnifying  the  defects.  The  higher  frequencies  are  of  course 
used,  as  a  larger  impedance  drop  can  be  obtained  with  the  same 
current  flowing. 

The  test  is  based  upon  the  fact  that  any  error  in  the  winding 
will  destroy  the  .symmetry  of  the  magnetic  field  produced  by  the 
winding  when  single-phase  alternating-current  is  passed  through  it. 
This,  in  turn,  will  effect  the  impedance  of  the  winding.  The  test  may 
be  best  described  in  connection  with  a  three-phase  winding;  the 
application  to  a  two-phase  winding  will  be  obvious.  Referring  to 
Fig.  2,  suppose  the  terminals  A  and  B  to  be  connected  to  a  single- 
phase  alternating  current  circuit,  current  will  ilow  through  phase. 7 
to  the  common  point  Y,  thence  through  phase  B  back  to  the  line. 
The  arrows  designate  the  instantaneous  direction  of  the  current. 
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From  this  it  is  seen  that  the  current  in  phase  A  is  flowing  in  the 
same  direction  as  that  in  phase  B,  where  the  conductors  of  the  two 
phases  are  adjacent.  Therefore  the  two  phases  are  assisting  each 
other  in  magnetizing  the  core.  If  the  current  was  apphed  to  A  and 
C  or  to  B  and  C  the  same  affect  would  \)Q  produced. 


FIG.  4 INDLXTION   MOTOR  FIELD  FORMS 

The  rectangles  at  the  top  of  Fig.  4  represent  the  developed 

The  two  rectangles  similarly  cross- 


cross-secti<jn  of  the  windini 
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hatched  rei)rcsent  the  two  sides  of  the  coils  of  the  same  group.  The 
field  due  to  the  group  ,7  will  be  between  a  and  a  with  a  maximum 
half-way  between.  Similarly  the  field  due  to  the  group  B  will  be 
between  b  and  b  and  have  its  maximum  at  the  center.  Since  the 
current  is  in  the  same  direction  in  the  adjacent  conductors  of  each 
group  the  fields  will  also  be  in  the  same  direction.  Assuming 
theoretical  field-forms  and  plotting  in  the  positions  just  noted,  we 
obtain  from  them  the  resultant  field-form  from  the  correct  winding, 
shown  at  (<?)  of  Fig.  4.  Any  mistake  in  the  winding  will  affect  the 
symmetry  or  position  of  the  resultant  field-form.  Suppose,  for 
example,  ]3hase  B  be  reversed.  Then  the  field  due  to  each  group 
of  that  phase  would  be  reversed.  Fig.  4  {U)  shows  the  field-form 
of  B  reversed,  also  the  resultant  of  .7  and  reversed  B.  The  form 
and  position  of  the  resultant  are  changed.  If  one  group  of  phase  B 
is  reversed  the  field  due  to  that  group  will  be  reversed,  while  those 
of  the  other  groups  remain  unchanged.  This  will  cause  a  distorted 
resultant  field  at  the  pole  containing"  the  reversed  group.  The  dis- 
torted field-form  due  to  such  an  error  is  shown  at  (r)  of  Fig.  4. 
The  smaller  errors,  short-circuits,  etc.,  affect  the  symmetry  of  the 
field  in  a  similar  way,  but  to  a  smaller  extent.  It  may  be  of  inter- 
est to  note  that  the  different  field-forms  shown  in  Fig.  4  have  been 
verified  experimentally  by  means  of  an  exploring  coil. 

Any  change  in  the  amount  or  distribution  of  the  magnetic  flux 
produced  b}'  the  winding  means  a  corresponding  change  in  the  self- 
induction  and  practically  the  same  change  in  the  impedance  of  the 
winding.  This  fact  is  the  basis  of  the  first  test  made  on  the  wind- 
ing when  it  comes  to  the  tester — to  determine  whether  or  not  the 
winding  is  correct. 

This  is  done  by  observing  the  impedance  drop  across  each 
phase  in  the  following  manner: 

Single-phase  alternating  current  is  applied  at  any  two  termi- 
nals of  the  three-phase  motor.  This,  as  we  have  seen,  will  cause  a 
flow  of  current  through  the  two  phases  connected,  and  will  produce 
symmetrical  fields  at  each  pole,  as  shown  in  Fig  4  {a).  Since 
each  phase  is  of  the  same  number  of  turns,  is  similarly  wound  and 
carries  the  same  current,  the  impedance  drop  across  each  will  be  the 
same,  if  the  winding  is  correct.  Also,  if  the  winding  is  correct,  the 
phase  whose  free  terminal  is  not  connected  to  the  su])ply  circuit   is 
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J  J 


Supply  Mains 


SO  situated  with  respect  to  the  magnetic  field  produced  by  the  other 
two  phases  that  there  is  no  e.m.f.  induced  in  it,  in  other  words,  it 
acts  simply  as  a  potential  connection  to  the  common  point  of  the 
three  phases.  The  coils  of  phase  C  embrace  equal  positive  and 
negative  parts,  of  the  resultant  field  produced  by  A  and  B,  as  shown 
by  Fig.  4  (a). 

Fig  5  shows  the  circuit  diagrammatically, 
A  and  B  connected  to  the  supply  circuit  and 
C  free. 

By  changing  the  supply  mains  to  A  and  C, 
then  to  B  and  C,  and  taking  vol  tage  readings, 
all  the  phases  are  verified.  A  set  of  readings 
similar  to  the  following  would  result,  any  varia- 
tion showing  an  error  of  some  sort  in  the  wind- 
ing: 

Uo/^s 


FIG.   5 INDUCTION 

MOTOR    WINDING 


Lnrrcnt 
Applied  to: 

Amperes 

A—B 

K 

B—C 

A     C 

A—B 

147 

70 

35 

35 

B—C 

147 

35 

70 

35 

A—C 

147 

35 

35 

70 

If  these  readings  indicate  an  error,  then  the  second  part  of  the 
test — the  location  of  the  error — must  be  made.  It  has  been 
pointed  out  that  the  field  forms  should  be  symmetrical  for  a  correct 
winding.  If  the  winding  is  faulty,  irregularities  will  exist  in  the 
form  of  the  field  at  the  points  where  the  fault  is  located.  The 
field  form  may  be  obtained  by  moving  an  exploring  coil  around  the 
core.  A  simpler  way  is  to  measure  the  drop  from  stub  to  stub,  the 
stubs  being  easily  exposed  by  removing  the  tape.  These  drops 
should  be  alike  for  each  coil  symmetrical!)^  located  with  respect  to 
the  poles.  The  reading  which  varies  locates  the  error  in  the  coil 
between  the  stubs  giving  it.  This  procedure  is  necessary  to  locate 
the  common  faults,  but  it  will  be  interesting  to  see  how  such  mis- 
takes as  a  reversed  phase  or  a  reversed  group  affect  the  first  part  of 
the  test  and  locate  themselves  at  once  without  an  application  of  the 
second  or  locating  test. 

Let  us  suppose  phase  B  to  be  reversed,  and  current  fed  to  A 
and    /y.     The  voltage   readings  would    of   course    be    A — C  and 
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B — C  which  slioukl  be  ec[ual.  However,  the  ]:)haseCis  not  idle  in 
this  case,  but  embraces  the  entire  resultant  field  of  A  and  />,  as 
shown  in  Fig.  4  (/?).  The  electromotive  force  induced  in  C  is 
approximately  equal  to  one-half  the  impressed  voltage  A — B, 
because  the  resultant  field  is  nearly  equal  to  that  of  either  A  or  B 
alone.  This  will  make  the  voltage  A — 6"  approximately  equal  to 
A — B,  the  impressed  voltage.  The  voltage  B — C  will  be  zero,  or 
nearly  so,  since  the  electromotive  forces  B  and  C  are  opposed  and 
nearly  equal.  With  current  in  B  and  C  the  readings  will  be 
similar,  while  with  current  in  .{  and  C  they  will  be  normal,  since 
the  reversed  phase  is  then  inactive.  The  readings  are  given  below. 
In  this  and  all  following  examples  the  small  letter  indicates  the 
defective  phase. 

Volts 


Current 
Applied 

Amperes 

A—B 

B—C 

A—C 

A—h 

31.2 

70 

0 

70 

h—C 

31.2 

0 

70 

70 

A—C 

147 

35 

35 

70 

The  results  when  a  group  is  reversed  are  similar,  although 
less  marked. 

If  a  coil  is  connected  with  the  wrong  group,  the  voltage  of  one 
phase  will  be  high  while  that  of  another  will  be  low,  since,  if  the 
coil  is  not  in  the  right  group,  it  must  be  in  an  adjacent  group,  and 
consequently  in  another  phase.  This  mistake  is  easily  located  by 
counting  the  stubs  in  each  group,  and,  therefore,  rarely  reaches  the 
winding  test. 

One  or  more  short-circuited  coils  will  lower  the  impedance  of 
the  phase  containing  them,  owing  to  the  decreased  inductance 
caused  by  the  induced  current  in  the  short-circuited  coils.  The 
table  shows  the  results  of  such  a  case: 

/  'olts 


Cur  rent 

f — 

A   _ 

^ 

Applied 

Amperes 

A 

—B 

B—C 

A—C 

A—b 

15-5 

70 

34 

36 

b     C 

15-5 

34 

70 

36 

A—C 

147 

35 

35 

70 

Short-circui 

ted  coils  can 

sometimes 

be 

burned 

out. 

otherwise 

the  location  test 

will  be  necessary 

\ 
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An  open-circuited  coil  will  be  evident  at  once,  since  no  current 
will  flow  in  that  phase. 

Poor  contacts  between  coils  will  give  an  increased  drop  across 
the  phase  containing  them.  By  stripping  the  tape  from  the  stubs 
the)"  ma)'  be  readily  located  without  further  testing. 

A  few  coils  made  up  of  the  wrong  number  of  turns  are  occa- 
sionally placed  in  a  winding.  This  causes  only  a  slight  unbalanc- 
ing of  the  phases  and  is  probably  the  most  difficult  error  to  detect. 
An  example  of  an  error  of  this  sort  in  a  two-phase  winding  follows. 
Current  taken  in  each  phase  repeatedly  with  the  same  applied  vol- 
tage was: 

A  ^  — A  2  =^ 4 1 . 2  amperes 
b^  — Z* 2  ^40.3  amperes 

The  cross  connections  were  examined  and  found  correct.  The 
drop  across  each  phase  was  then  taken  with  the  two  phases  in  series. 
B^ — B^  was  the  higher,  showing  too  many  coils  to  be  in  phase 
B  or  too  few  in  phase  A.  The  drop  across  each  group  was  then 
measured,  indicating  two  groups  in  phase  B  with  too  small  a  drop. 
Next  the  drop  across  each  coil  was  taken.  These  readings  should 
begin  low  at  the  edge  of  the  group,  increase  steadily  to  a  maximum 
at  the  other  end  or  beginning  at  a  maximum,  decrease  steadily  to  a 
minimum.  They  did  not  do  so.  The  drops  of  the  coils  of  one 
group  are  given,  also  those  of  a  correct  group: 

]'oJts 


/ 

\ 

Coil 

Correct  Group 

Faulty  Group 

I 

2.72 

2.71 

2 

3.22 

3.21 

3 

375 

373 

4 

4.00 

3.98 

5 

4.10 

3-83. 

6 

4-15 

4.13 

The  readings  across  the  faulty  group  increased  steadily  until 
coil  (5)  was  reached.  This  drop  was  low,  showing  too  few  turns  in 
that  coil.  These  readings  were  obtained  with  both  phases  in  series. 
If  only  one  phase  was  connected  t(^  the  line  the  readings  would 
increase  to  coil  (3),  coil  (4)  being  the  same  as  (3),  then  decrease 
symmetrically;  (5)  equal  to  (2)   and   (6)   equal   to    (i).     The  field 
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due  to  the  second  phase  when  both  are  in  series  causes  the  differ- 
ence. Another  coil  of  too  few  turns  was  found  in  the  other  group 
which  gave  a  small  drop. 

The  photograph,  Fig.  6,  shows  the  switchboard  used  in  mak- 
ing these  tests.  Fig.  7  is  a  diagram  of  the  switchboard  connec- 
tions. The  board  is  fed  from  a  220-volt,  7200-alternation  circuit 
This  enters,  through  a  circuit-breaker  and  switch,  to  the  primary  of 
a  I  o  kw  transformer.  The  secondary  of  this  transformer  is  wound 
for  465  volts  and  provided  with  13  taps  leading  to  as  many  plug- 
sockets.  The  voltage  between  the  taps  is  given  in  the  figure.  By 
inserting  the  plugs  in  two  of  the  sockets  an)'  voltage,  varying,  gen- 
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erally  by  5-volt  steps,  from  5  volts  to  465  volts  is  obtained.  These 
variations  are  necessary  to  obtain  a  proper  current  in  the  different 
types  of  windings.  The  ammeter  has  10  and  60-ampere  scales, 
being   connected    to    the  two  series  transformers.     Either    series 


THE  ELECTRIC  CLUB  JOURNAL 


^59 


transformer  is  out  in  circuit  and  tlie  other  cut  out  by  changing  one 
plug  from  one  to  the  other  of  the  two  three-part  sockets.  It  is  also 
impossible  to  open  the  secondary  circuit  when  the  primary  is  in 
circuit.      By  means  of  the  four-plug  switches  and  the  single-pole 


From  Line 

Circuit* 
Breaker 


OD 

Main  Switch 


Transformer  Primary 


7200  Alternations 


Transformer  i 
Secondary    L  5  fs  +W  iloflo{2ol25|-35l45J55|9ojl25('  465  Volts 


To  Motor  Terminals 


FIG.   7 COXXl-XTlOXS   OF   TESTIXC   SWI  rCIIP.OARD 

double-throw  switch    the  supply-circuit   can  be  connected   to  any 
phase  of  a  three-phase  or   two-phase  motor  without  changing  the 
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connections  at  the  motor.     The  four  voltmeter  sockets  enable  any 
voltage  to  be  read  independently  of  the  current  connections. 

An  example  will  serve  to  explain  the  operation  of  the  board. 
A  three-phase  winding  will  be  taken.  The  three  motor  terminals 
are  connected  to  leads  (i),  (2)  and  (3)  from  the  board,  and  no  fur- 
ther attention  to  the  motor  connections  is  necessary.  The  voltage 
is  adjusted  to  suit  the  winding  on  test.  If  75  volts  give  a  conven- 
ient current  the  plugs  are  connected  to  taps  (3)  and  (8)  of  the 
transformer.  The  ammeter  scale,  60  or  10,  is  chosen,  which  gives 
the  best  deflection.  If  it  is  the  10,  the  ammeter  plug  is  inserted  in 
the  socket  at  the  left.  Say  we  wish  to  first  feed  current  to  phases 
A  and  B.  Throwing  the  single-pole  switch  down  and  closing  the 
plug-switch  (2)  connects  the  socket  (2)  to  which  phase  B  is  wired. 
Then  by  closing  plug-switch  (i),  A  is  connected.  By  opening  the 
ammeter  short-circuiting  switch  the  current  A — B  is  observed.  For 
75  volts  the  lOO-volt  scale  of  the  voltmeter  is  used  without  the 
voltmeter  transformer,  so  the  voltmeter  switch  is  thrown  down. 
Putting  the  voltmeter  plug  in  sockets  (i)  and  (2)  we  have  the  vol- 
tage A — B.  Changing  to  (r)  and  (3)  gives  the  voltage  A — C, 
and  to  (2)  and  (3)  gives  the  voltage  B — C.  These  are  all  the 
readings  necessary  with  current  in  phases  A  and  B.  Opening  plug 
switch  {2)  and  closing  (3)  will  put  the  current  in  A  and  C.  The 
voltage  readings  are  similar.  Throwing  the  single-pole  double- 
throw  switch  to  the  upward  position,  opening  plug  switch  (i)  and 
closing  (2)  puts  the  current  in  B  and  C  and  the  voltmeter  readings 
are  repeated.  This  is  all  the  manipulation  for  the  complete  set  of 
observations,  providing  the  winding  is  correct.  If  it  is  not  correct, 
the  current  may  be  sent  through  the  required  phases  and  voltmeter 
leads  carried  to  the  motor  and  the  drops  taken  which  are  necessary 
to  locate  the  error. 


APPLICATIONS     OF     ALTERNATING-CURRENT 

DIAGRAMS 

I. ELEMENTARY   EXAMPLES 

By  V.  Karapc/ojf 

A  Series  of  I^ectures  Delivered  Before  The  Electric  Club  October-November,  1903. 

The  graphical  representation  of  physical  phenomena  in  the 
form  of  curves  and  diagrams  is  now  very  extensively  used  in  all 
branches  of  engineering.  This  is  to  be  ascribed  to  the  comparative 
facility  with  which  we  grasp  a  new  idea  if  clothed  in  geometrical 
form.  Geometrical  conceptions,  as  pure  conceptions  of  space,  are 
the  simplest  of  all  our  conceptions  and  are  familiar  to  us  from  our 
earliest  childhood.  Therefore,  any  electrical  or  mechanical  problem, 
if  reduced  to  geometrical  form,  becomes  much  easier  to^^understand 
than  in  any  other  way. 


k*-H 


Fig.  I 
The  object  of  these  lectures  is  to  give  the  graphical  represen- 
tation of  the  more  important  phenomena  in  alternating-current  cir- 
cuits and  of  the  properties  of  alternating-current  machines  and 
apparatus.  The  properties  of  direct-current  circuits  are  assumed  to 
be  known,  as  well  as  the  conception  of  sine  waves,  and  of  the  physi- 
cal meaning  of  self-induction  as  due  to  the  inertia  of  the  magnetic 
field.  It  may,  however,  be  worth  while  to  point  out  the  funda- 
mental ideas  on  which  vectors  are  based.  Instead  of  representing 
the  instantaneous  values  of  e.m.f .  and  current  in  a  circuit  b}'  the  sine 
waves  E  and  /  (Fig.  i )  it  is  possible  to  represent  them  by  two 
lines  E  and  /  (F"ig.  2).     The  lengths  of  these  lines  are  equal  to  the 
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maximum  or  effective  values  of  the  two  sine  waves,  and  their  rela- 
tive positions  to  the  difference  of  j^hase  between  them.  Thus  with 
the  waves,  curve  E  is  leading  curve  /  b)-  the  time  or  distance  cor- 
responding to  the  time,  <l>  positive,  time  being  assumed  in  the  direc- 
tion of  the  arrow;  that  is,  curve  E  passes  through  its  maxima  and 
minima  that  nuich  earlier  than  curve  /.  With  the  vectors  (Fig.  2) 
^ the  same  idea  is  expressed    by   the   curve   /  fol- 

lowing the  curve  E  by  the  same  time,  or  angular 
distance,  ^,  the  vectors  rotating  in  the  direction 
of  the  arrow.  All  vectors  representing  similar 
quantities,  such  as  e.m.f.'s.,  should  be  drawn  to 
the  same  scales,but  the  scale  of  vectors  represent- 
ing different  qualities,  e.m.f.  and  current  for  ex- 
ample, are  absolutely  independent,  since  they  are 
^'^-  ^  never  added  together  nor  subtracted   from  each 

other.  The  further  properties  and  applications  of  vectors  can  best 
be  explained  in  connection  with  specific  examples. 

Circuits  Containing  OJmiic  Resistance — The  simplest  alter- 
nating current  circuit,  consisting  only  of  ohmic  resistance  (e.g. 
incandescent  lamps)  does  not  differ  in  its  relation  between  e.m.f. 
and  current  from  an  ordinary  direct  j 

current  circuit  (Fig  3).     The   cur-      o ,      * VWWV* 1 

rent  I  is  in   phase  with   the   e.m.f.  [ 

producing  it,  and  at  every  moment  I 

is  equal  to:     I^^E-^r,  where  r  is 

the  ohmic  resistance  of  the  circuit,  ^^^  ^ 

Accordingly  the  vectors  E  and  /  have  the  same  direction  as  shown 

in  Fig.  4. 

Circuits  Containing  Self  Induction — The  other 
extreme  circuit  is  a  circuit   consisting  of  a  purely  in- 
ductive resistance  (Figs.  5  and  6).     The  current  here 
£      is  lagging  90  degrees  behind  the  applied  e.m.f.,  and  is 
■■       a    wattless    current,    supplying  no    energy  whatever. 
Such    a    case    could    hardly  be    realized  in   practice, 
because  of  ohmic  resistances  and  iron  losses,  indispens- 
able in   all  practical    apparatus;  to  some    extent   this 
FiG.4  jj.^  realized  in  the  case  of  a  generator  supplying  induction 
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motors  running  on  zero  load.  The  cin'rent  shown  by  the  ammeter 
may  be  up  to  one-third  of  the  normal  current  taken  by  the  motors 
at  full  load,  but  the  wattmeter  would  indicate  only  a  very  small 
amount  of  energy. 

In    this  case,  as  before,   if  j  ^ 

the  inductive  resistance  is  x,  the  o —    ■       ^ '''7T?57T(T?r5^ 

current  is  equal   to:     I=E-^x.  ^ 

The  only  difference  between  this  \ 

case  and  the  case  of  ohmic  resis- 
tance is  that  the  current  is  lag-  ^'°  ^ 
ging  90  degree  behind  the  e.m.f.  instead  of  having  the  same  phase 
with  it. 

Circuits  Containing  Oliinic  and  Inductive  Resistances — Now 
we  shall  consider  the  three  following  combinations  of  ohmic  and 
inductive  resistances  in  a  circuit: 

(i)      Series  connection  of  ohmic  and  inductive  resistances. 

(2)  Parallel  connection  of  ohmic  and  inductive  resistances. 

(3)  Series-parallel  connection  of  ohmic  and  inductive  resis- 
tances. 

Connection  of  Ohmic  and  Inductive  Resist- 
ances in  Series — Figs.  7  and  8  show  this  circuit 
and  the  corresponding  vector  diagram.  This 
diagram  contains  a  triangle  of  e.m.f.'s,  the  vector 
/  of  the  current  and  the  angle  'P  of  lag  between 
^^ .       _  E  the  current  and  the  applied  e.m.f.     We  have  to 

V  distinguish  between  a  case  in  which  the  current 

is  given  and  a  case  in  which  the   e.m.f.  is  given, 
p'^  *  When  the  current  is  known,  the  triangle  can  be 

constructed  as  follows: 

The  pressure  at  the  terminals  of  the  circuit  is  the  geometrical 
sum  of  the  pressures  at  the  ends  of  the  ohmic  resistance  and  of  the 
inductive  resistance.  These  component  pressures  can  be  found  as 
explained  above;  that  is,  the  pressure  at  the  terminals  of  the  ohmic 
resistance  equals  Ir  (hne  ^4/?)  and  has  the  direction  of  the  vector/. 
The  inductive  drop  equals  Ix  (line  BC)  and  leads  the  current  by  90 
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degrees.     The  I'esultant  terminal  pressure  Zfis  the  geometrical  sum 
of  AB  and    BC,  and   is  repre-  , 

sented  by    the  hypothenuse  AC    "^ 1 — 

of    the    triangle.     Vectors    are  e 

added  together  like  mechanical  ^  | 
forces — according  to  the  paral- 
lelogram rule.  The  parallelo-  pj^  7 
gram  is  completed  in  Fig.  8  by  clotted  lines,  but  as  will  be  readily 
seen,  the  left  half  of  the  parallelogram  is  not  at  all  necessary.  The 
same  result  can  be  obtained  by  simply  drawing  vector  ^Cfrom  the 
end  of  the  vector  AB  and  then  by  completing  the  triangle.  We 
shall  use  the  general  parallelogram  rule  for  addition  and  subtraction 
of  vectors  in  this  form. 

To  add  two  vectors  a  and  d  draw  from 
the  end  of  a  a  line  equal  and  parallel  to  d 
and  complete  the  triangle.  The  third  side  c 
is  equal  to  the  sum  a^d  (Fig.  9). 

To  subtract  a  from  /;  (Fig.  10)  draw 
from  the  end  of  «  a  line  equal  and  parallel  to 
d,  but  in  the  opposite  direction,  and  close  the 
triangle.  The  resultant  side  d  is  equal  to  the 
geometrical  difference  a-b.  Both  these  rules 
can  be  very  easily  checked  up  with  the  usual 
parallelogram  rule  by  completing  the  triangle  as  shown  by  dotted 
lines. 


FIG.  8 


Fig.    9 
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If  the  voltage  is  given  and  the  current  is  unknown,  first 
assume  any  \akie  of  current  \vhate\er,  and  construct  the  triangle  as 
before  (Fig.  8).  This  will  give  a  terminal  pressure  ii", ,  which,  as  a 
rule,  will  be  different  from  the  given  e.m.f.  E.  Then  simply  reduce 
the  triangle  in  ratio  E^  \E.  The  assumed  current  I ^  is  also  to  be 
reduced  in  the  same  ratio  to  get  the  true  current  /. 

Other  problems  can  be  solved  by  means  of  the  same  triangle, 
for  instance  to  find  the  resistances  r  and  x,  if  the  value  of  the  cur- 
rent /,  the  applied  e.m.f.  and  the  angle  of  lag  i'  being  given.  In 
this  case  describe  a  circle  with  the  vector  /T  as  a  diameter  (Fig  1 1) 
and  draw  a  line  AB  at  an  angle  equal  to  (p,  so  as  to  intersect  the 
circle.  Then  the  triangle  ABC  can  be  completed.  Its  sides  AB 
and  i5C  give  the  values  of  the  drop  in  both  resistances,  and  the 
side  AB  gives  the  direction  of  the  current.  Dividing  AB  and 
BChy  the  current  we  find  the  values  of  the  corresponding  resist- 
ances /'  and  X. 


Fig.  u 


The  triangle  of  e.m.f. 's  (Figs.  8  and  1 1)  is  of  so  much  import 
ance  in  the  studN'  of  alternating-current  phenomena,  that  it  will  be 
worth  while  solving  additional  problems  to  illustrate  its  application. 


J I \ L 


J \ \ L 


J \ L 
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Choke  Coil  in  Series  zoitJi  La»ips — ^A  group  of  fifty  lOO-volt 
lanips  is  to  be  connected  to  a  120-volt  circuit.  A  choke  coil  has  to 
be  inserted  in  series  with  the  lam]:)S  in  order  to  reduce  the  pressure 
from  1 20  volts  to  1  10  \i)lts.  It  is  required  to  find  the  necessary 
inductive  resistance  of  this  choke  coil  and  the  voltage  dro})  in  it. 
All  the  lamps  are  supposed  to  burn  simultaneously.  The  lamps  can 
be  considered  as  a  purely  ohmic  resistance,  and  the  choke  coil  as  an 
inductive  resistance  so  that  this  is  the  same  jiroblem  as  before — • 
series  connection  of  ohmic  and  inductive  resistances.  The  ohmic 
drop  is  given  (it  has  to  be  iio  volts);  the  total  pressure  is  also 
given  (120  volts).  Hence,  the  triangle  of  voltages  can  be  easily 
constructed  (Fig  12);  the  inductive  drop  is  found  to  be  equal  to  48 
volts.  If  we  assume  that  each  lamp  consumes  about  0.5  amperes, 
the  total  current  would  be  25  amperes,  and  the  inductive  resistance 
of  the  choke  coil  48-^-25  =  1.92  ohms. 

^ ---~~..„^^^  Practically,   the  phase 

y^                               ^s.  difference  between  the  cur- 

A                                              \  rent  and  the  terminal  pres- 

/  ,'                                                     \  sure    in    a    choke  coil  can 

/lr>-~-^C..;^_;^^ ,  ^                                    \  never  be  made  90  degrees 

/    /'  ~— --..:_£[0  Volt,  \       1  r    V      •  1  ] 

/  /  I  — ---:ii;__^~ - _ _  \    because  of  its  iron-loss  and 

/      I ~~~'-'~^^T  ohmic  resistance.     The  tri- 

^__  120  Volts  >  g^j^gjg  takes  a  form   shown 

in  Fig.    13.     This   triangle 

^■'^■is  can   be   constructed  if  the 

power-factor   of  the  choke  coil  is  known  to  correspond  to  the  angle 

<I^.       The  choke  coil  itself  can  be  properly  designed  if  the  voltage  at 

its  terminals  and  the  current  flowing  through  it  are  given. 

Regulation  of  a  Traiismissio)!  Line — A  transmission  line  has 
an  ohmic  resistance  of  0.75  ohms  and  an  inductive  resistance  of 
2.7  ohms.  The  voltage  at  the  receiver  end  is  required  to  be  kept 
constant  at  3,000  volts.  What  will  be  the  voltage  at  the  generator 
end  at  the  full-load  current  of  200  amperes  and  at  power-factors 
equal  to  100  percent,  80  per  cent  and  o  percent  1 

First  of  all  calculate  the  ohmic  and  inductive  components  of 
the  drop. 

Ohmic  dro]^ — 0.75x200=150  volts. 


THE  ELECTRIC  CL  i 'B  JO  I  ^RNA L  j6y 

Inductive  drop — 2.7x200=540  volts. 

The  sniall  triangle  representing  drop  in  the  line  can  now  be 
constructed  in  its  three  positions  according  to  three  different  values 
of  the  power-factor  (Fig.  14).  On  this  figure  the  positions  of  the 
current  and  of  the  triangle  marked  (i)  correspond  to  the  power- 
factor  of  100  percent,  those  marked  (2)  correspond  to  80  percent, 
and  those  marked  (3)  correspond  to  o  percent  (purely  inductive 
load,  the  worst  case  for  regulation).  The  small  side  of  the  triangle 
is  parallel  to  the  direction  of  the  current  (ohmic  drop),  and  the 
other  is  perpendicular  to  the  direction  of  the  current  vector  (induc- 
tive drop).  Line  OA  is  equal  to  3,000  volts.  The  voltage  to  be 
maintained  at  the  generator  end  is  represented  by  three  vectors 
07,  02,  oj.  Each  of  them  is  the  geometrical  sum  of  3,000  volts 
and  the  hypotenuse  of  the  drop  triangle  (this  hypotenuse  represents 
the  total  drop  of  the  line).  These  three  vectors,  being  measured, 
are  equal  to  3,200  volts,  3,475  volts  and  3,550  volts,  correspond- 
ing to  the  power-factors,  100  percent,  80  percent,  and  o  percent. 
The  total  drop  in  the  line  is  the  same  in  all  three  cases  (hypotenuse 
of  the  small  triangle,  equal  to  560  volts),  but  the  vector  of  this 
drop  is  subtracted  from  the  original  pressure  in  three  different 
positions,  being  the  more  unfavorable  with  the  lower  power-factor. 

The  case  considered  in  this  example  is  one  of  the  most  impor- 
tant practical  applications  of  vector  diagrams.  A  few  additional 
remarks  may  therefore  be  found  of  value.  In  some  cases  voltage  is 
kept  constant  at  the  generator  end,  instead  of  the  receiver  end  of 
the  line.  It  is  left  to  the  reader  to  apply  the  foregoing  diagram  to 
this  case.  The  inductive  resistance  of  a  line  can  be  found  by  test 
by  short-circuiting- it  at  the  receiver  end  and  sending  through  it  a 
considerable  current  from  the  generator.  Suppose  the  current  to 
be  100  amperes  at  280  volts  at  the  generator  terminals.  Ohmic 
resistance,  as  measured  by  direct  current  is  assumed  to  be  0.75 
ohms;  therefore,  the  ohmic  drop  is  75  volts.  As  the  total  drop  is 
280  volts,  the  inductive  drop  will  be:      ]      280^ — 752=270  volts. 

The  same  may  be  found  graphically  by  constructing  a  rec- 
tangular triangle  having  one  side  equal  to  75,  and  the  hypotenuse 
equal  to  280.  The  other  side  will  be  270.  The  inductive  resist- 
ance of  the  line  is:     r=27o-f- 100  =  2.7.  as  was  given  before. 
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Fii;'.  14  refers  to  a  single-phase  transmission  line.  For  a  two- 
phase,  four-wire  line  the  diagram  is  the  same  as  applied  to  a  single- 
phase  line  transmitting  one-half  the  power  at  the  same  voltage. 
The  inductive  resistance  of  the  line  can  be  found  here  also  by  short- 
circuiting  one  of  the  phases,  provided  there  is  no  inductive  interac- 
tion between  the  two  circuits.  Likewise  for  a  three-phase,  three- 
wire  line  having  the  wires  equally  distant  from  one  another  the 
diagram  is  the  same  as  applied  to  a  single-phase  line  consisting  of 
two  of  the  wires  transmitting  half  of  the  power  at  the  same  voltage. 
It  follows  therefore  that  the  addition  of  one  wire  to  the  two  wires 
of  a  single-phase  circuit  provides  conductors  for  a  three-phase  cir- 
cuit which  will  deliver  twice  the  power  with  the  same  percentage 
loss  in  voltage  and  in  power.  The  weight  of  copper  per  kilowatt 
delivered  in  three-phase  transmission  at  a  given  voltage  and  with 
given  loss  is  therefore  75%  of  the  weight  required  for  single-phase 
transmission.  For  a  three-phase  system  the  same  diagram  can  be 
used  in  another  way,  as  it  can  be  constructed  for  one  wire,  if  the 
voltage  used  is  the  pressure  between  the  line  and  the  neutral  point, 
and  not  the  pressure  between  the  wires.  An  example  may  make 
it  clearer.  We  short  circuit  all  the  three  wires  at  the  receiver  end 
of  the  line  and  send  a  current  through  the  line.  Suppose  the 
readings     of  the  ammeter  in  each  leg  to   be    100  amperes  and  the 


voltage  between  the  wires  250  \-olts.  The  ohmic  resistance  of 
each  wire  is  supposed  to  be  0.35  ohms.  Both  drops  have  to  be 
referred  to  the  star  voltage,  that  is  to  the  voltage  between  the  line 
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and  the  neutral  point  of  the  system.  This  is  250-f-i/  3  =144.5 
volts.  The  inductive  drop  is:  1/144.52 — (0.35x100)2  =  140 
volts. 

In  applying;  these  data  to  the  determination  of  the  regulation 
as  in  Fig.  14,  the  voltage  between  the  wire  and  the  neutral  point, 
3000-^  1/^:1=1732,  must  be  used  and  not  the  voltage  between 
the  wires,  3000.  This  follows  directly  from  the  general  properties 
of  three-phase  circuits. 

The  shape  of  the  diagram  Fig.  14  does  not  depend  on  the 
absolute  values  of  the  ohmic  and  inductive  resistances,  but  on 
percentage  drop  relative  to  the  original  voltage,  E.  Therefore, 
assuming  the  original  voltage  to  be  100  per  cent,  it  is  possible  to 
represent  all  the  triangles,  three  of  which  are  shown  in  Fig.  14,  in 
a  chart  for  all  cases,  instead  of  constructing  them  for  each  separate 
case.  Such  a  chart  has  been  given  by  Mr.  Ivalph  D.  Mcrshon  in 
his  article  "Drop  in  Alternating-Current  Lines,"  published  in  the 
Americaji  Electrician,  June,  1897,  and  reprinted  by  the  Westing- 
house  Electric  &  Manufacturing  Company  in  pamphlet  form,  sup- 
plemented by  a  description  of  the  Westinghouse  compensator, 
originally  designed  by  Mr.  Mershon.  Lately  a  similar  chart  has 
been  published  by  Mr.  F.  G.  Baum,  of  Leland  Stanford,  Jr.,  Uni- 
versity. Mr.  Baum's  chart  or  "Alternating  Current  Calculating 
Device"  consists  of  two  parts;  one  drawn  on  pasteboard,  and  the 
other  on  a  sheet  of  transparent  celluloid.  By  bringing  this  last 
chart  in  a  suitable  position  relative  to  the  other,  the  total  drop  or 
the  regulation  of  a  line  can  be  immediately  read  off  for  any  power- 
factor.  The  article  of  Mr.  Mershon  and  the  device  of  Mr.  Baum, 
together  with  its  explanatory  book  are  earnestly  recommended  to 
the  attention  of  those  interested  in  the  drop  and  regulation  of  an 
alternating-current  line,  the  more  because  both  can  be  used  for  cal- 
culating internal  drop  in  a  transformer,  an  alternator,  for  determin- 
ing the  working  conditions  and  phase  relations  of  a  synchronous 
motor,  and  many  other  similar  problems. 


FACTORY     TESTING     OF     ELECTRICAL 
MACHINERY— III 

By    R.   E.    \Vo)'k))iau 

Iron  Loss,  Friction  Loss  and  Saturation  Tests  of 
Series  Motors — These  tests  may  be  made  in  exactly  the  same 
way  as  with  shunt  or  compound  wound  machines,  and  this  is  some- 
times done.  Owing  to  the  fact  that  the  series  motor  is  not  a  con- 
stant speed  motor,  when  a  separate  driving  motor  is  used,  a  number 
of  separate  runs  at  different  speeds  must  be  made.  The  following 
method,  which  does  not  require  a  separate  driving  motor,  is  more 
convenient  both  in  the  performance  of  the  test  and  in  the  derivation 
of  the  desired  results  from  the  experimental  data.  It  is  therefore 
more  frequently  used.  If  a  series  motor  has  its  full  voltage  applied 
with  no  load  upon  it,  it  will  run  at  a  very  high  speed,  the  small  cur- 
rent in  the  armature,  necessary  to  drive  it,  resulting  in  a  very  weak 
field.  If,  however,  a  resistance  is  shunted  across  the  armature,  the 
field  has  a  larger  current  through  it  than  the  armature,  and  conse- 
quently the  speed  for  a  given  armature  current  is  reduced.  This 
shunt  to  the  armature  may  be  varied  so  as  to  vary  the  speed  of  the 
motor  within  desired  limits,  and  the  input  to  the  armature  will 
represent,  very  approximately,  the  power  necessary  to  overcome  the 
friction,  wandage  and  iron  loss  of  the  motor  at  that  particular  speed 
and  field  current. 

The  friction  losses  are  found  separately  by  means  of  the  fol- 
lowing test.  A  low  voltage  is  applied  to  the  motor,  so  that  it  may 
run  at  a  low  speed  with  no  load,  and  this  voltage  is  gradually 
increased,  in  order  to  get  something  like  the  range  of  speeds  at 
which  the  combined  iron  loss  and  friction  test  was  taken.  Running 
under  these  conditions,  the  strength  of  the  field  is  so  small  that  the 
iron  loss  may  be  neglected  and  the  input  of  the  motor  will  give 
very  approximately  the  frictional  losses  for  each  speed. 

(a)  Iron  Loss  and  Friction  Loss — The  connections  are 
shown  diagrammatically  in  Fig.  1 1 .     The  table  used  is  that  shown 
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in  Fig.   12.  and  the  connections  are  made  as  shown  in  that  diagram. 

Power 


0' 


Rack. 

"W\AA/V\/W 


^W^^MW^kr^O^ 


FIG.    ]  I IRON   LOSS  AND  FRICTION  TEST. 

Preparations  for  Test — A  rack  is  inserted  across  Z,  E.,  in 
order  to  vary  the  speed  of  the  motor.  The  motor  is  then  started 
up  by  means  of  a  starting  rheostat,  the  rack  being  shunted  across 
the  armature  by  throwing  the  switch  /  Z^  to  the  right.  An 
ammeter  is  put  across  the  switch  A  S^  by  means  of  the  terminals 
shown,  this  switch  being  opened  in  order  to  measure  the  current 
in  the  armature.  The  main  ammeter  is  put  across  the  other 
terminals  shown,  its  short-circuiting  switch  being  also  indicated. 
The  line  and  field  voltages  are  read  by  means  of  sockets  and  plugs, 
not  shown  in  the  diagram. 

Conduct  of  Test — Referring  to  Fig.  i  i ,  l\-,  is  to  be  held  con- 
stant by  means  of  a  rheostat  in  the  field  of  the  booster.  The  main 
current  is  varied  by  varying  the  resistance  of  the  rack. 

As  the  current  in  the  main  circuit  is  increased,  the  drop  in 
voltage  in  the  series  field  will  increase,  thus  increasing  l'\ . 
Ammeter  (i)  measures  the  main  current  and  ammeter  (2)  the 
armature  current,  which  when  multiplied  by  the  armature  voltage 
U.-,  gives  the  input  to  the  armature.  The  readings  taken  are 
speed,  main  amperes,  armature  amperes  and  armature  volts.  Three 
sets  of  readings  are  taken  for  different  values  of  V^  which  is  to  be 
held  constant  for  each  set  of  readings. 

(b)  Friction  Loss — The  machine  is  run  as  an  ordinary 
series    motor  on    low  voltage,  being    run  without  load  at   various 
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speeds,  dependini;-  on  the  voltage  used,  and  within  a  similar  range  to 
that  used  in  the  case  of  the  combined  iron  loss  and  friction  loss  test. 
The  connections  are  the  same  as  those  shown  in  Figs,  i  i  and  12. 
except  that,  in  this  case,  no  shunt  is  used  across  the  armature,  and 
consequently  the  field  and  armature  currents  are  equal.  The  read- 
ings taken  are,  speed,  armature  volts  and  armature  amperes.  The 
armature  in])ut  or  the  product  of  armature  volts  and  armature 
amperes  gives,  as  before,  the  loss  in  the  armature.  As  above  men- 
tioned, the  iron  loss  with  such  a  weak  field  as  is  used  in  this  test, 
is  negligible,  so  that  the  armature  input  represents  the  friction  loss 
sim])]v. 

Precautions  to  be  Observed — This  test  should  be  made  both 
before  and  after  the  combined  iron  loss  and  friction  loss  tests,  and 
a  mean  of  the  results  taken,  to  allow  for  changes  in  the  friction  due 
to  change  in  temperature,  etc.  Too  much  importance  should  not 
be  given  to  the  readings  taken  at  high  speeds,  as  here  the  current 
and  the  iron  loss  become  so  great  as  to  vitiate  the  results  quite 
appreciably. 

Working  up  Results — From  the  combined  iron  loss  and  fric- 
tion loss  test,  the  products  of  armature  volts  and  amperes  for  each 
reading,  or  the  sums  of  iron  loss  and  friction  loss  in  the  motor,  and 
also  the  field  amperes,  are  plotted  to  the  speed  of  rotation.  From 
the  friction  loss  tests  the  products  of  armature  volts  and  amperes 
for  each  reading  or  the  friction  losses  of  the  motor  are  plotted  to 
the  speed  of  rotation. 

These  curves  for  a  No.  95  railway  motor  are  shown  in  Fig 
13.  Specimen  readings,  from  which  these  curves  were  plotted,  are 
given  below. 

Friction  test  before  iron  loss  and  friction  loss  test: 


Armature  Volts          .^   •      v 

,T                        Mam  Amperes 

Watts                         R.  P.  M. 

1 

100                               5.05 

505                            838.5 

After  iron  loss  and  friction  loss  test: 
Armature  Volts 


Main  Amperes  Watts  |  R.  P.  M. 


100  .=..00  500  846 
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FKi.    13 IRON   LOSS   AND  FRICTION  CURVES 
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Iron  loss  and  friction  at  528 

volts: 

Armature  Volts          ^Nlain  Amperes 

Armature  Amperes 

Watts 

R.  P.  M. 

528                               100 

2.54 

1,340 

553 

In    each,  the  watts   are  found    by  multipl\ing    together  the 
armature  volts  and  the  armature  amperes. 

As  these  curves  are  very  awkward  for  reference  purposes, 
and  as  it  is  desirable  to  be  able  to  read  off  directly  the  iron  loss  for 
a  particular  voltage  across  the  motor  terminals  for  a  number  of 
different  currents  through  the  motor,  a  set  of  curves  of  iron  loss 
shown  in  Fig.  14  is  calculated  from  the  curves  already  plotted. 


Amperes 

Volts 
drop  in 
Motor 

V3  =250  Volts 

V2  =401  Volts 

V,  =528  Volts 

Main 

V2+  Drop 

Watts 

V2+  Drop 

Watts 

V2+  Drop 

Watts 

20 

40 

60 

100 

12.6 
25.2 
37.8 
63.0 

262.6 
275.2 
287.8 
313 

170 
240 
288 
360 

413.6 
426.2 
438.8 
464 

326           540.6 
470           554.2 
554       1     565.8 
714      ;     591 

520 

708 

812 

1,072 

The  main  amperes  and  the  watts  are  read  off  from  the  curves 
on  Fig.  13  at  equal  speeds.  The  total  resistance  of  the  motor  at 
75 °C  is  .628  ohm.  It  is  necessary  to  add  the  volts  drop  in  the 
motor  to  the  armature  voltage  used  in  these  tests,  so  as  to  give  the 
line  voltage  which  would  be  applied  to  the  motor  when  working 
under  ordinary  conditions,  with  the  same  main  current.  The  drop 
in  the  armature  with  such  a  small  current  as  is  required  to  over- 
come the  losses  alone,  is  negligible.  The  watts  in  the  table  are  the 
amounts  of  the  iron  losses  corresponding  to  the  particular  voltage 
and  current  at  which  the  reading  was  taken.  A  curve  is  plotted 
for  each  current,  three  points  on  each  curve  being  given  in  the 
above  data.     Watts  iron  loss  are  plotted  to  "volts  +  drop." 

Saturation  Test — The  saturation  curve  of  a  generator  or 
motor  shows  the  relation  of  the  open-circuit  voltage  to  the  field 
current  when  the  machine  is  driven  as  a  generator  at  constant  speed 
with  its  field  separately  excited  through  a  range  of  values.  In  the 
case  of  shunt  and  compound-wound  machines  the  shunt  field  is  used 
to  supply  the  excitation  and  the  current  in  it  is  used  in  plotting  the 
curve  of  saturation.  In  the  case  of  series  motors  the  series  field  is 
of  course  used.  To  make  the  saturation  curve  independent  of  the 
number  of  turns  in  the  exciting  winding,  the  voltage  may  be  plotted 


THE  ELECTRIC  CLUB  JOURNAL 


ijj 


to  the  product  of  the  field  current  and  the  number  of  turns  in  series 
in  the  winding,  or  tlie  ampere  turns.  The  saturation  curve  is  taken 
to  test  the  correctness  of  the  machine  in  three  different  respects: 

(a)  Accurac)'  of  manufacture,  especially  as  regards  the  radial 
depth  of  air  gap  and  the  number  of  turns  on  the  field  coils. 

(b)  Quality  of  iron  and  steel  in  the  magnetic  circuit. 

(c)  Accuracy  of  the  engineer's  calculations. 

The  readings  are  taken  from  the  iron-loss  test  and  plotted  as 
shown  in  Fig.  15,  which  gives  the  saturation  curve  of  the   500-kw 
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FIG.    15 SATURATION  CURVE 

generator,  whose  iron-loss  curve  is  shown  in  Fig.  9.  It  will  be 
observed  that  the  curve  is  practically  straight  for  some  distance, 
rising  rapidly  from  near  the  origin  and  tlien  bending  over  so  as 
eventually  to  become  parallel  to  the  axis  of  abscissae.  If  there 
were  no  retentivity  in  the  magnetic  circuit  the  curve  would  pass 
through  the  origin.  As  is  well  known,  the  ])ermeability  of  air  is 
constant,  but  very  small,  whatever  the  intensity  of  the  field  travers- 
ing it,  while  that  of  the   magnetic  metals  is  at    first  very  great,   but 
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falls  ver\'  ra})idl\-  with  the  intensity.  Hence,  when  there  is  a  weak 
field  in  the  magnetic  circuit  of  the  machine,  the  air  gap  constitutes 
the  greatest  part  of  the  reluctance,  that  of  the  steel  being  practically 
negligible.  The  consequence  is  that  when  the  field  is  weak,  the 
saturation  curve  rises  in  a  straight   line;  when,   however,  the   field 
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UNDER  ABOUT  20-HP. 

becomes  stronger,  the  proportion  of  the  reluctance  of  the  air  gap 
to  that  of  the  rest  of  the  circuit  is  altered,  the  total  reluctance  rising 
with  the  magneto  motive  force,  and  the  curve  bends  over  as  shown. 
It  is  usual  to  plot  both  the  iron  loss  and  the  saturation  curves 
on  the  same  sheet  of  paper;  this  is  done  merely  for  convenience'  in 
plotting. 
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FIG.  17 A  \ERV  CONVENIENT  ARRANGEMENT  OF  RHEOSTATS,  FOR 

VARYING  THE  VOLTAGE  OF  A  BOOSTER 

The  40-ohni  rheostat  i.s  used  for  fine  adjustment  when  the  booster-field  is 

across  a  very  small  proportion  of  the  240-ohm  rheostat 

(to   BE  CONTINfED) 


THE    MAKING    OF    A    MAN    BY    MEANS  OF    THE 
APPRENTICESHIP    COURSE 

By  Frank  H.  Taylor^  Second  Vice  President  of  tJie  Electric 

Company 
An  abstract  of  an  Address  before  The  Er.ECTRic  Club,  February  15,  1904 

MR.  TAYLOR'S  address  was  in  the  nature  of  an  earnest, 
practical  and  inspiring  talk,  informally  delivered,  with 
many  touches  of  humor.      He  said  in  substance: 

I  have  chosen  this  subject  because  I  have  been  asked  to  reply 
to  several  questions  which  show  what  our  apprentices  feel  is  the 
problem  before  them. 

I  am  first  asked:  "What  are  the  advantages  of  the  appren- 
ticeship course  which  cannot  be  classed  as  strictly  technical  or 
professional  in  character,  but  which  give  a  broader  training"  that 
may  be  of  advantage  in  any  business  or  profession .''" 

As  we  benefit  in  college  by  things  which  we  never  dreamed 
were  contributing  to  our  education,  so  in  apprenticeship  work,  we 
cannot  say  beforehand  what  will  do  us  the  most  good.  There  is  a 
benefit  in  living  and  working  with  men  who  expect  to  spend  their 
lives  as  wage  earners.  You  may  obtain  from  the  working  men  an 
undefined  wisdom  which  has  been  the  portion  of  labor  since  the 
world  began.  You  can  learn  what  is  of  first  importance,  sympathy 
with  the  laboring  man.  You  can  observe  the  working  of  a  great 
organization  in  its  details;  learn  the  necessity  for  system,  economy 
and  co-operation.  You  have  the  opportunity  of  observing 
experienced  technical  men.  To  see  able  men  doing  work  of  high 
character  is  an  inspiration  to  good  and  faithful  performance  of  any 
kind.  Even  to  watch  George  Westinghouse  walking  through  the 
works  may  be,  to  an  observing  man,  the  beginning  of  a  liberal 
education.  You  have  also  in  this  course  the  advantage  of  comrade- 
ship with  one  another — men  of  the  same  generation,  who  are 
together  to  aid  in  the   great   forward    movement   of   the    industrial 


/cVo  THE  ELECTRIC  CLUB  JOURNAL 

world.  The  a]:)i)rcntice  who  shuns  The  Electric  Club  and  the 
apprentices'  dinners  loses  much  of  this  broadening  influence.  The 
right  judgment  of  men  is  the  key  to  all  professions. 

The  next  question  relates  to  the  essential  ciualifications  for 
apprentices  entering  the  various  departments  of  the  Company,  viz: 
sales,  engineering,  construction  or  commercial. 

I  hesitate  to  answer  this  question  lest  I  might  discourage  some 
men  from  attempting  that  for  which  time  and  experience  may 
qualify  them.  The  electric  business  is  greatly 'in  need  of  men. 
You  are  more  or  less  looked  after,  and  your  qualifications  for  cer- 
tain positions  are  likely  to  be  gradually  made  manifest  to  those  who 
are  directing  you.  Each  man  must  also  watch  himself  and  grasp 
the  opportunities  offered  when  he  feels  fitted  to  make  use  of  them. 
Keep  on  with  your  work,  and  wait  until  the  business  needs  you. 
What  you  must  do  is  to  know  some  part  of  it  better  than  any  one 
else  knows  it,  and  you  will  become,  just  as'  sure  as  the  sun  rises,  a 
competent  man  in  your  generation.  Be  good  sportsmen — play  the 
game  fair.  Don't  take  a  mean  advantage  of  another.  Keep  on 
working;  do  not  hurry  unduly,  and  you  will  get  the  best  out  of  the 
course. 

Engineering  requires  real  mathematical  powers  and  some 
inventive  gift.  Selling,  often  thought  most  attractive,  is  really  the 
hardest  to  accomplish.  When  I  went  into  a  manufacturing  busi- 
ness the  last  thing  I  thought  I  could  do  was  to  sell.  The  power  to 
do  so  came  after  years  of  experience.  Selling  requires  knowledge 
of  human  nature,  courage — a  certain  pleasure  in  a  fight.  Sales- 
men have  man\-  hardships.  They  are  not  employed  in  regular, 
accurate  work,  are  obliged  to  live  much  away  from  home,  and 
exposed  to  the  temptations  of  dissipation.  They  are  also  specially 
liable  to  get  the  "big  head"  and  to  be  suddenly  "dumped."  The 
department  ot  erection  and  construction  offers  good  j^reparation  for 
the  work  of  a  salesman.  You  may  there  learn  the  secret  of  mak- 
ing a  customer  sign  his  name  to  a  paper,  which  is  the  cssense  of 
taking  a  contract.  Men  in  this  department  are  often  made  sales- 
men by  very  force  of  circumstances.  An  apprentice  may  look  to 
selling  as  an  ultimate  thing,  after  the  necessary  experience  of  life 
has  been  obtained.     The  later  you  take  it  up  the  better. 

I  am  surprised   that   the  qviestion,    in   its  enumeration  of  the 
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various  departments  ef  the  Company,  has  omitted  shop  practice.  I 
believe  the  line  of  work  which  offers  most  to  apprentices  is  the 
preparation  for  the  management  of  great  properties. 

The  third  question  asks,  "When  should  an  apprentice  devote 
his  energies  and  acquired  training  to  the  attainment  of  material 
prosperity,  and  less  to  study;  or  when  is  a  man  fully  capitalized 
with  general  education,  and  how  can  he  tell  the  point  of  maximum 
efficiency  .?"  To  this  point  I  answer  "Never."  The  best  man  is  he 
who  can  keep  broadening  out  as  the  opportunity  broadens.  It  is 
sad  to  see  how  many  men  fail  to  keep  growing  with  their  work. 
They  do  well  up  to  a  certain  point,  and  then  because  the  demands 
of  a  great  organization  are  made  before  the  man  is  mature,  are 
overwhelmed  and  useless.  Be  watchful  that  you  keep  growing. 
Your  career  should  be  a  constant  evolution.  There  should  be  an 
evolution  in  minds  as  in  affairs.  The  best  men  ripen  slowly. 
Fruit  should  not  be  picked  too  soon,  neither  should  it  hang  on  the 
tree  until  it  is  rotten.  Seize  the  opportunity  when  you  are  ripe 
for  it. 

Do  not  be  troubled  because  there  is  in  your  minds  vagueness, 
or  undeveloped  crudeness.  It  is  a  mistake  to  set  one's  mind  too 
firmh'  ui)on  reaching  some  fixed  goal.  A  man  must  not  worry 
about  the  mistakes  he  made  in  the  early  stages,  while  feeling  for 
the  next  step  Keep  an  open  mind,  so  that  every  experience  of 
life  will  teach  you  something,  and  contribute  to  your  growth.  A 
poor  mind  crystalizes  too  soon. 

There  was  a  time  when  the  manufacturer  looked  doubtfully  on 
the  college  man.  Now  there  appears  some  danger  that  the  situa- 
tion be  reversed,  and  the  man  without  a  college  education  has  met 
with  discouragement.  I  wish  no  one  to  think  that  a  college  educa- 
tion is  necessary  to  success.  Fresh  vigor  of  mind  is  better  than 
over-refinement,  and  a  positive  man  who  has  failed  to  get  to  college 
can  be  educated  here.  Men  who  differ  in  birth,  education  and 
training  will  make  a  different  product,  but  equally  valual^le,  if 
equally  in  earnest. 

Last  of  all,  I  will  say  em])hatically,  in  the  words  of  wise  old 
Martin  Luther,  "All  discouragement  is  of  the  devil." 

Mr.  Taylor  then  read  and  commented  upon  Kipling's  j)oem, 
"Pharaoh  and  the  Sergeant." 
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1  Ic  licld  this  poem  as  illustrative  of  the  way  in  which  the 
apparently  long  and  drear\'  training,  "the  years  that  no  one  talked 
of,"  under  a  quiet,  competent,  faithful  leader,  may  make  successful 
men  out  of  the  crudest  materials. 

"Said  England  unto  Pharaoh:     'You've  had  miracles  before 

When  Aaron  struck  your  rivers  into  blood; 
But  if  you  watch  the  Sergeant  he  can  show  you  something  more — 

He's  a  charm  for  making  riflemen  from  mud.'  " 

Mr.  Taylor  said,  in  conclusion:  "The  great  ])roblem  for  the 
business  man  in  the  future  is  the  i)roj:)er  relation  of  capital  and 
labor.  "The  condition  of  the  workingman  is  not  to  be  benefited  so 
much  by  the  laws  as  by  the  leaders.  Among  you  may  be  some 
man  who  may  show  the  way  to  industrial  peace.  He  must  be  a 
man  who  can  understand  the  needs  both  of  capital  and  labor — the 
struggle  of  the  workman  and  the  problems  of  the  emplo}er.  If 
one  of  }'0u,  trained  under  the  influence  of  this  Company,  could 
find  a  way  to  lead  the  industrial  world  into  a  sympathetic  under- 
standing of  the  situation,  and  change  the  whole  moral  tone  of  these 
apparently  conflicting  interests,  I  would  have  more  pride  in  such  a 
man  than  in  millions  of  dividends.  You  have  not  come  to  Pitts- 
burg only  to  make  a  living.  In  the  words  of  the  late  Governor 
Russell,  of  Massachusetts,  'There  is  one  thing  better  than  making 
a  living;  that  is,  making  a  life.'  " 


SHOP    EXPERIENCE 

ITEMS  FROM  THE  NOTEBOOK   OF  THE   APPRENTICE 

Conducted  by  M.  H.  BickelJiaupt 

Generator  Foundations — In  erecting  a  large  generator 
having  a  bed-plate  to  which  the  bearing  pedestals  were  bolted  it 
was  found  that  the  shaft  had  no  end-play.  The  erecting  engineer 
accordingly  had  the  bearings  taken  out  and  faced  off  to  give  the 
shaft  the  proper  amount  of  end-play,  and  reported  to  the  factory 
that  the  machine  had  been  shipped  defective  in  this  respect.  An 
investigation  brought  to  light  the  fact  that  the  middle  of  the  bed- 
plate had  not  been  properly  supported  by  the  foundations,  and  the 
bed-plate  had  sagged,  tilting  the  two  bearings  and  bringing  them 
nearer  together,  so  that  the  space  originally  allowed  on  the  shaft 
for  end-play  was  taken  up.  The  bearings  were  of  the  self -aligning 
type,  so  that  this  tilting  had  not  interfered  with  the  alignment  of 
the  bearings. — Road  Section. 

A  Case  of  Railway  Motor  Bucking — An  old  roadman 
recently  told  the  following  story,  illustrating  how  far  one  sometimes 
has  to  look  for  the  cause  of  serious  trouble:  The  motors  on  a  cer- 
tain street  railway  had  been  giving  considerable  trouble  from  buck- 
ing, and  several  men  had  been  sent  out  to  locate  the  trouble,  but 
with  no  success.  Finally  a  man  was  sent  out  with  orders  to  stay 
with  the  job  until  the  cause  of  the  trouble  was  found.  It  was  dis- 
covered almost  by  accident.  As  one  of  the  cars  was  coming  out  of 
the  barn  the  road  man  was  amazed  to  see  the  motor  buck  on  the 
level  with  no  load.  He  immediately  looked  the  motor  over,  and 
found  a  film  of  moisture  on  the  commutator.  The  rest  was  evident. 
The  car  barn  was  built  near  a  shallow  lake,  and  watery  vapors  ris- 
ing from  the  lake  had  condensed  on  the  commutators  of  cars  stand- 
ing in  the  barn  all  night. 

A  Form  of  Speed  Ixdicaiok — In  motor  testing  it  is  often 
desirable  to  run  the  motor  up  to  a  certain  speed,  higher  than  the 
normal,  to  test  its  mechanical  construction.  To  determine,  approxi- 
mately, when  this  speed  is  reached  a  device  is  sometimes  used  as  an 
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indicator  which  is  shown  in  the  sketch.  A  brass  rod  about  eight 
inches  long  is  fitted  at  one  end  to  a  small  triangular  steel  pyramid 
through  a  ball  and  socket  joint,  with  the  joint  out  of  line  with  the 
axis  of  the  pyramid.  At  the  other  end  a  block  B,  is  firmly  attached 
to  the  rod  and  supplied  with  a  thump  screw,    T,  which  allows  the 

straight  steel  spring  S,  to  be  moved  up 
or  down  through  the  block.  (7  is  a 
graduated  piece  of  steel  or  brass 
attached  to  6*.  In  using  the  indicator 
the  pointed  end  is  inserted  in  the  end 
of  the  shaft  and  the  apparatus  held  by 
the  hand  at  the  block.  If  the  motor 
be  running,  the  end  of  the  rod  next 
the  shaft  will  describe  a  small  circle 
^^^'-  ^  which  will  tend  to  cause  that  part   of 

the  spring  above  the  block  to  vibrate  in.  the  manner  shown.  This, 
however,  the  spring  will  not  do  unless  the  length  of  the  spring  or 
speed  of  the  motor  be  such  that  the  natural  vibrations  of  the  spring 
for  a  unit  of  time  shall  equal  the  number  of  revolutions  of  the  shaft 
for  the  same  time.  In  this  case  the  amplitude  of  the  vibration  of 
the  spring  will  be  a  maximum  and  easily  observed.  Under  any 
other  conditions  the  effect  of  the  shaft  in  attempting  to  vibrate  the 
spring  is  offset  by  the  quicker  or  slower  natural  rate  of  vibration  of 
the  spring.  The  spring  is  moved  up  or  down  the  block  until  the 
maximum  vibration  is  obtained.  The  approximate  speed  may  then 
be  read  on  the  scale  G. 

Transformer  Oil — It  is  very  important  that  transformer  oil 
should  contain  neither  water  nor  acid.  A  simple  test  may  be  made 
to  detect  the  presence  of  water.  Take  a  few  crystals  of  blue  stone 
(copper  sulphate,  Cu  SO^  +  5  H., O)  and  drive  off  the  water  of 
crystallization  by  roasting.  To  the  white  powder  that  is  left  add  a 
small  quantity  of  the  oil  to  be  tested.  *  If  the  oil  contains  water, 
the  powder  regains  its  blue  color. 

Acid  may  be  most  readily  detected  by  blue  litmus  paper, 
which  turns  red  w^hen  touched  with  acid. — Road  Section. 

Testing  Insulation  of  Transformers — The  specifications 
for  the  installation  of  high-tension  transformers  often  call  for  an 
insulation  test  in  which  the  test  voltage  is  specified  as  that  voltage 
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which  will  just  break  down  a  i;iven  length  of  sjxirk-gai).  The 
proper  way  to  make  such  a  test  is  to  measure  the  test  voltage  before 
applying  it  to  the  transformer  under  trial.     The  test  voltage  should 
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be  applied  directlv  to  the  spark-gap  and  the  voltage  of  the  testing 
set  raised  till  the  spark-gap  breaks  down.  The  testing  set  should 
then  be  disconnected  from  the  spark-gaj:)  and  connected  to  the 
transformer  to  be  tested.  The  adjustment  of  the  testing  set,  being 
the  same  as  that  which  gave  a  break  down  voltage  on  the  spark- 
gaji,  gives  the  desired  voltage  for  testing.  If  the  spark-gap  is  left 
in  parallel  with  the  apparatus  under  test,  and  the  voltage  raised  till 
the  spark-gap  breaks  down,  dangerously  high  voltages  may  be  gen- 
erated, because  of  the  oscillator}'  character  of  the  spark-gap  discharge. 
A  transformer  may  be  made  to  generate  its  own  test  voltage 
by  connecting  one  side  of  both  high  and  low-tension  windings  to 
ground  and  putting  double  xoltage  on  the  low-tension  winding. 
This  subjects  the  high-tension  winding  to  a  voltage  varying  from 
zero  at  one  side  to  double  normal  \-oltage  at  the  other.  The  con- 
nections may  then  be  reversed  antl  the  other  side  tested  in  the  same 
wa V . — Road  Src/Zo// . 


EDITORIAL    COMMENT 

A  LETTER  which  promises  to  mark  a  new 
Carnegie  Gift  era  in  the  development  of  American  Enginecr- 
ro  Engineerinc;  ing  Societies  was  written  by  Mr.  Andrew  Car- 
negie on  the  14th  of  March,  addressed  to  the 
National  Societies  of  Mechanical,  Mining  and  Electrical  Engineer- 
ing and  The  Engineers'  Club  of  New  York.  The  letter  contains 
but  a  single  sentence,  and  reads  as  follows: 

"It  will  give  me  great  pleasure  to  devote,  .say  one 
and  a  half  million  dollars  for  the  erection  of  a  suitable 
Union  Home  for  y()u  all  in  New  York  City." 

It  has  been  generally  known  for  about  a  year  that  Mr.  Car- 
negie had  })roposed  such  a  gift  and  that  it  originally  included  an 
additional  engineering  society  and  was  for  a  less  amount.  As  one 
of  the  Societies  has  seen  fit  to  retain  the  building  which  it  now 
occupies,  instead  of  joining  with  the  others  in  a  new  building,  and 
as  the  first  amount  has  been  found  inadec|uate  the  former  letter 
has  been  superseded. 

The  Joint  Committee  having  the  matter  in  hand  regards  the 
gift  as  a  trust  for  Engineering,  to  be  administered  not  only  for  the 
Societies  named,  but  lor  other  societies  of  engineers,  of  which  there 
are  many  which  will  be  greatly  strengthened  and  benefited  by 
sharing  in  the  use  of  the  building.  Aside  from  its  auditorium, 
lecture  halls,  secretaries'  quarters,  committee  rooms  and  the  like, 
there  will  be  provision  for  bringing  together  the  present  libraries  of 
the  Societies  and  making  them  a  nucleus  for  a  great  American 
Engineering  Library. 

The  space  at  command  does  not  ])ermit  of  an  adequate  expres- 
sion of  appreciation  of  Mr.  Carnegie's  generosity,  nor  of  the  great 
benefit  which  will  resuk  to  the  engineering  j^rofession  from  the 
increased  facilities  afforded  the  National  Engineering  Societies  and 
the  closer  touch  in  which  they  will  be  brought  through  their  occu- 
jiancy  of  this  common  home.      Mr.  Carnegie  has  provided  for  both 
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the  professional  and  social  sides  of  engineering;-  life,  as  two  abutting 
buildings  are  to  be  erected,  one  on  Thirt}-ninth  street  for  the 
Engineering  Societies,  and  the  other  on  l-'ortieth  street  for  'l"he 
Engineers'  Club. 

One  of  the  most  notable  characteristics  of  the  development 
during  the  past  generation  has  been  the  advance  in  all  branches  of 
its  engineering  work  The  next  decade  will  undoubtedly  see 
advancement  even  greater  than  that  of  the  past  20  years.  The 
Engineering  Building  will  be  a  great  material  factor  in  promoting 
this  advancement.  It  should  be  a  matter  of  especial  gratification 
to  the  members  of  Thf.  Elkctkic  Club  that  one  of  its  own 
number  has  had  such  an  important  part  in  the  success  of  the  under- 
taking. As  is  generally  known,  Mr.  Charles  F.  Scott.  Chief 
Electrician  of  the  Westinghouse  Electric  &  Manufacturing  C^om- 
l)any.  was  President  of  the  American  Institute  of  Electrical 
Engineers  last  year,  and  was  summoned  by  Mr.  Carnegie  the  da\' 
following  an  address  at  which  Mr.  Carnegie  was  present,  in  which 
Mr.  Scott  had  spoken  of  the  need  of  an  engineering  building.  Mr. 
Scott  has  been  indefatigable  in  his  work  in  connection  with  the 
Engineering  Building  and  is  Chairman  of  the  Joint  Committee  to 
which  the  enterprise  has  been  entrusted. 

IV.  M.  AEEciiiafiE 
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which  will  just  break  down  a  <;ivcn  lcni;th  of  spark-gap.  The 
proper  way  to  make  such  a  test  is  to  measure  the  test  voltage  before 
applying  it  to  the  transformer  under  trial.     The  test  voltage  should 
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be  applied  directl)-  to  the  spark-gap  and  the  voltage  of  the  testing 
set  raised  till  the  spark-gap  breaks  down.  The  testing  set  should 
then  be  disconnected  from  the  si:)ark-gap  and  connected  to  the 
transformer  to  be  tested.  The  adjustment  of  the  testing  set,  being 
the  same  as  that  which  gave  a  break  down  voltage  on  the  spark- 
gap,  gives  the  desired  voltage  for  testing.  If  the  spark-gap  is  left 
in  parallel  with  the  apparatus  under  test,  and  the  voltage  raised  till 
the  spark-gap  breaks  down,  dangerously  high  x'oltages  may  be  gen- 
erated, because  of  the  oscillatory  character  of  the  s|:)ark-gap  discharge. 
A  transformer  may  be  made  to  generate  its  own  test  voltage 
by  connecting  one  side  of  both  high  and  low-tension  windings  to 
ground  and  putting  double  xoltage  on  the  low-tension  winding. 
This  subjects  the  high-tension  winding  to  a  voltage  varying  from 
zero  at  one  side  to  double  normal  voltage  at  the  other.  The  con- 
nections may  then  be  re\ersed  and  the  other  side  tested  in  the  same 
way. — Road  Si'c/ioi/. 


EDITORIAL    COMMENT 

A  LETTER  which  promiscs  to  mark  a  new 
C.-vRXEdiE  Gift  era  hi  the  development  of  American  Engineer- 
ro  EnCiINEERTNG  ing  Societies  was  written  by  Mr.  Andrew  Car- 
negie on  the  14th  of  March,  addressed  to  the 
National  Societies  of  Mechanical,  Mining  and  Electrical  Engineer- 
ing and  The  Engineers'  Club  of  New  York.  The  letter  contains 
hilt  a  single  sentence,  and  reads  as  follows: 

"It  will  give  me  great  pleasure  to  devote,  .say  one 
and  a  half  million  dollars  for  the  erection  of  a  suitable 
Union  Home  for  you  all  in  New  York  City." 

It  has  been  generally  known  for  about  a  year  that  Mr.  Car- 
negie had  i^roposed  such  a  gift  and  that  it  originally  included  an 
additional  engineering  society  and  was  for  a  less  amount.  As  one 
of  the  Societies  has  seen  fit  to  retain  the  building  which  it  now 
occupies,  instead  of  joining  with  the  others  in  a  new  building,  and 
as  the  first  amount  has  been  found  inadequate  the  former  letter 
has  been  superseded. 

The  Joint  Committee  having  the  matter  in  hand  regards  the 
gift  as  a  trust  tor  Engineering,  to  be  administered  not  only  for  the 
Societies  named,  but  for  other  societies  of  engineers,  of  which  there 
are  many  which  will  be  greatly  strengthened  and  benefited  by 
sharing  in  the  use  of  the  building.  Aside  from  its  auditorium, 
lecture  halls,  secretaries'  quarters,  committee  rooms  and  the  like, 
there  will  be  provision  for  bringing  together  the  present  libraries  of 
the  Societies  and  making  them  a  nucleus  for  a  great  American 
Engineering  I  ,ibi;uy  . 

The  space  at  command  does  not  permit  of  an  adequate  expres- 
sion of  appreciation  of  Mr.  Carnegie's  generosity,  nor  of  the  great 
benefit  which  will  result^  to  the  engineering  profession  from  the 
increased  facilities  afforded  the  National  luigineering  Societies  and 
the  closer  touch  in  which  they  will  be  brought  through  their  occu- 
pancy of  this  common  home.      Mr.  Carnegie  has  i^rovided   for  both 
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the  professional  and  social  sides  of  engineering"  life,  as  two  abutting" 
buildings  are  to  be  erected,  one  on  Thirty-ninth  street  for  the 
Engineering  Societies,  and  the  other  on  Fortieth  street  for  The 
Engineers'  Club. 

One  of  the  most  notable  characteristics  of  the  development 
during  the  past  generation  has  been  the  advance  in  all  branches  of 
its  engineering  \^C)xV  The  next  decade  will  undoubtedlv  see 
advancement  even  greater  than  that  of  the  past  20  years.  The 
Engineering  Building  will  be  a  great  material  factor  in  promoting 
this  advancement.  It  should  be  a  matter  of  especial  gratification 
to  the  members  of  Thh  Elf.ctric  Club  that  one  of  its  own 
number  has  had  such  an  important  part  in  the  success  of  the  under- 
taking. As  is  generally  known,  Mr.  Charles  V .  Scott,  Chief 
Electrician  of  the  Westinghouse  Electric  &  Manufacturing"  Com- 
l^any,  was  President  of  the  American  Institute  of  Electrical 
Engineers  last  year,  and  was  summoned  by  Mr.  Carnegie  the  day 
following  an  address  at  which  Mr.  Carnegie  was  present,  in  which 
Mr.  Scott  had  spoken  of  the  need  of  an  engineering  building.  Mr. 
Scott  has  been  indefatigable  in  his  work  in  connection  with  the 
Engineering"  Building  and  is  Chairman  of  the  Joint  Committee  to 
which  the  enterprise  has  been  entrusted. 

IV.  M.  McFarhxnd. 
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THE  ELECTRIC  ELEVATOR. 

By  HENRY  D.  JAMES 

A  Lecture  Before  The  Elkctku    Ciah,  January  ii,  rc)04 

THE  electric  elevator  finds  its  greatest  application  in  two 
classes  of  service :  in  small  installations,  particularly  resi- 
dences, where  it  is  not  desirable  to  have  an  engineer  or 
even  an  elevator  operator;  and  in  buildings,  such  as  department 
stores,  in  which  the  elevators  are  scattered  over  a  considerable  area. 
It  is  best  adapted  for  low  rises,  and  is  seldom  used  where  the  travel 
exceeds  150  feet. 

The  tlexibilit\  and  simplicity  of  electric  power  distribution  and 
control  gives  the  electric  elevator  a  number  of  inherent  advantages. 
The  more  important  of  these  are  as  follows : 

AMiere  there  is  a  central  station  supply  of  electrical  power, 
electric  elevators  can  be  installed  much  cheaper  than  can  an 
hvdraulic  plnnt,  since  the  latter  requires  pumps  and  tanks  in  addi- 
tion to  the  elevator  machine. 

In  anv  case  iliaintenance  and  operation  are  cheaper,  since  the 
constant  attendance  of  an  engineer  is  not  required. 

The  electric  elevator  requires  space  on  only  one  floor — and 
small  space  there.  The  machine  and  controller  can  readily  be  placed 
in  a  space  six  feet  by  ten  feet.  The  hydraulic  machine  must  be 
placed  in  a  hatchway  back  of  the  car-shaft,  or  in  the  basement  in 
a  horizontal  position. 

The  efficiency  of  the  electric  machine  is  relativel\'  high,  lu^cause 
of  the  high  efficiency  of  the  motor  over  its  entire  range  of  load, 
and  because  the  car  can  be  over-counterbalanced,  so  that  the  motor 
is  only  require']  to  lift  a  little  over  one-half  nf  the  total  load  in  the 
cai  as  a  maximum. 

The  electric  elevator  has  a  very  sim])le  car-coiitrol,  which  does 
not  require  an  expert  operator.  \\'hen  a  landing  has  lieen  made, 
the  brake  on  the  machine  holds  the  car  rigidlv  until  it  is  again 
started  bv  the  operator.     \\'\[h  an  hvdraulic  machine  the  car  has  a 
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tendency  to  creep  Avhen  the  packing-  in  either  the  cylinder  or  valve 
begins  to  leak.  The  electric  elevator  has  a  close  speed  regulation 
compared  with  any  other  type. 

\\'ith  an  electric  elevator  there  is  no  danger  of  interrupted 
service  due  to  freezing,  as  ni  an  hydraulic  machine. 

These  advantages  are  to  seme  extent  balanced  by  disad- 
vantages : 

The  usual  type  of  electric  machine  has  no  positive  limits  of 


FIG.    I — ELECTRIC   ELEVATOR    MACHINE   WITH    SAFETY    MAGNET   BRAKE 

travel ;  the  drum  can  continue  turning  indefinitely  in  either  direc- 
tion. To  overcome  this,  the  machine  has  to  be  provided  with  limit 
switches,  which  cut  off  the  power  from  the  motor  and  apply  the 
brake. 

The  counterbalancing  system  is  complicated,  and  the  counter- 
weights sometimes  cause  accidents,  due  to  the  weights  running  into 
the  overhead  work  and  falling  onto  the  car  or  some  other  portion 
of  the  machinery.  Overbalancing  gives  the  car  a  tendency  to  run 
away  on  the  up-motion  unless  it  is  properly  controlled. 

Should   the  car  or  counterweight  become   obstructed   in   their 
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descent,  tlic  drum  will  continue  to  unwind  tlic  ropes,  which  will 
cause  them  to  become  tangled,  so  that  new  ropes  will  generally  be 
required. 

Electric  elevators  are  subject  to  temporary  shutdown,  owing 
to  the  burning  out  of  fuses  or  other  minor  parts  of  the  control 
apparatus. 

The  electric  motor  is  capable  of  exerting  several  times  its 
rormal  torque  under  certain  conditions,  which  has  caused  several 
serious  accidents.  The  electric  machine  requires  the  use  of  both 
a  mechanical  brake  and  a  dynamic  brake,  whereas  with  an  Indraulic 


FIG.   2 — AUTOMATIC    HOUSE   ELEVATOR    MACHINE    WITH    PUSH    BUTTON 
CONTROL.      FRONT   VIEW 

machine  the  water,  being  ]:)ractically  incompressible,  forms  its  own 
brake  when  the  valve  is  closed. 

The  drum  type  of  electric  machine  does  not  run  quite  as 
smoothly  as  the  hydraulic  type,  and  the  starting  and  stopping  is 
not  so  easily  and  quickly  accomplished.  Owing  to  the  complicated 
nature  of  the  speed  control,  it  is  not  desirable  to  provide  for  more 
than  two  speeds. 

The  type  of  machine  used  for  electric  elevator  work  is  uni- 
versallv  a  drum,  driven  bv  means  of  worm  gearing,  the  motor  being 


190 


THE  ELECTRIC  CLUB  JOUKXAL 


nicnnted  on  the  AViinr.  sliatt  and  running-  about  8oo  revolutions  per 
minute  and  tile  drum  makiu"-  about  twenly-five  turns  per  miiuite. 
The  end  thrust  of  the  worm  on  the  smaller  sized  machine  is  taken 
up  on  ball-bearin,i^,  end-thrust  collars ;  on  the  lari^er  type  of  ma- 
chines the  thrust  is  compensated  by  using-  two  worm  wheels  driven 
by  right  and  left-hand  worms  in  opposite  directions,  the  worm 
wheels  meshing  together  in  the  same  manner  as  spur  gears. 

On  the  best  class  of  machines  tlie  worm  and  worm  shaft  con- 
sist of  a  solid  steel  forging,  and  the  worm  gear  is  made  of  ]:)h;)sphor- 


FIG.    3 — AUTOMATIC    HOSE    ELEVATOR    MACHINE    WITH    PUSH    EUTTOX 
CONTROL.      REAR  VIEW 

bronze.  The  gear  is  mounted  on  a  heavy  cast-iron  center,  which 
is  provided  with  four  lugs  which  engage  with  four  similar  lugs 
cast  near  the  periphery  of  the  drum.  Keys  of  every  description 
are  dispensed  with  for  driving  purposes  as  a  matter  of  safetv. 

The  motor  for  direct-current  circuits  is  heavier  than  motors 
of  the  same  rating  used  for  oiher  ]mrposes  :  it  is  provided  withi  three 
windings — the  regular  shunt  tield,  a  regular  series  field  and  an 
extra  shunt  field  ;  the  series  field  is  used  for  starting  and  the  extra 
field   both    for  starting  and   stopping,  the  shunt   field  being  always 
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connected  wliilc  ilie  motor  is  in  operation.  The  annature  is  kept 
as  small  in  diameter  as  ]Missii)]e. 

The  mechanical  brake  used  with  electric  elevators  preferably 
consists  of  a  sheet-iron  band  lined  with  leather,  bearing  on  a 
cast-iron  puilev.  The  band  is  made  in  two  halves,  so  arranged  that 
the  retardation  can  be  adjustetl  separately  for  both  the  up  and 
down  motion.  In  addition  to  this  brake,  the  motor  is  short-cir- 
cuited through  resistance,  forming  a  d\namic  brake.  In  the  largest 
types  of  machines  an  additi(;nal  mechanical  brake  is  provided  for 
emergency  purpo^^es. 

The  car  is  counti^rbaianced  by  an  independent  counterweight, 
which,  consists  of  a  cast-iron  weight  attached  by  ropes  to  the  top 


FIG.    4 — CONTROLLER   FOR   HAND-ROPE   OPERATED   ELEVATOR 

of  the  car.  and  balances  all  but  a  few  hundred  pounds  of  the  car 
weight :  also  by  a  machine  counterweight  attached  by  roj)es  to  the 
opposite  side  of  the  drum  from  the  hoisting  ropes,  and  balances  the 
remaining  car  weight,  together  with  one-half  the  average  load ; 
this  weight  is  woimd  U])  as  the  car  ropes  are  unwound,  and  vice 
versa. 

The  hand  roue  is  the  cheapest  form  of  controlling  a])paratus, 
but  it  is  not  used  for  high-speed  elevators.  A  lever  or  wheel  device 
placed  in  the  car  has  been  used  considerably  in  the  past,  but  as  it 
is  as  expensive  as  a  switch  control,  and  is  much  more  com]ilicated 
arid  less  satisfactory,  it  is.  therefore,  little  used  at  present.  .\n 
electric  switch  placed  in  the  car  is  the  best  and  most  approved  form 
of  control  for  an  clcvatir;  it  is  ver\-  fxtcnsivclv  \\-^vi\.  and  no  other 
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device  should  be  used  on  a  liiyh-speed  elevator.  The  automatic 
push-button  control  cdnsists  of  a  push-button  placed  at  each  floor 
for  calling-  the  car  to  that  landing;  the  control  proper  is  the  same 
as  the  control  used  with  a  car  switch,  but  instead  of  an  operator 
being  placed  in  the  car  to  operate  a  switch,  push-buttons  are  placed 
at  each  landing  and  also  in  the  ^ar.  These  button.s  operate  an 
auxiliary  control  system,  which  in  turn  actuates  the  regular  control 
for  the  motor. 

A  good  control  system  of  any  type  should  have  the  following 
features : 

The  top  control  should  be  arranged  to  stop  the  machinery  at 
the  top  and   bottom   landings   automatically   and   independently   of 


FIG.    5 — MAGNET   CONTROLLER   OPERATED   BY   ELECTRIC    SWITCH    IN    CAR 

the  regular  control  system.  There  should  be  at  least  a  duplicate 
set  of  stops  both  at  the  top  and  bottom  landings ;  one,  the  regular 
stop  mechanir-'i,  and  one,  an  emergency  stop,  adjusted  to  operate 
a  little  above  the  top  landing  and  a  little  below  the  bottom  landing. 

The  machine  should  have  an  effective  mechanical  brake,  and 
in  addition  to  this,  the  motor  should  be  arranged  to  operate  as  a 
generator  through  a  short-circuit  resistance  to  assist  in  bringing  the 
car  to  rest. 

A  switch  should  be  provided  for  stopping  the  machine  should 
the  ropes  become  slack  from  anv  cause. 
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It  is  desirable  to  have  an  independent  stop-switch  in  the  car, 
by  means  of  \vliich  the  operator  can  l)ring  the  car  to  rest  should 
his  regular  operating-  device  become  disarranged. 

The  control  should  be  arranged  to  give  a  practically  constant 
speed  to  the  car,  whether  the  motor  is  operating  as  a  motor  or  as 
a  generator. 

The  maximum  starting  current  should  not  exceed  the  maxi- 
mum running  current  by  more  than  lo  or  15  per  cent.  In  the  best 
controls  this  starting  current  never  exceeds  the  maxinutm  running 
current. 

The  control  should  give  a  .smooth  acceleration  and  retardation. 

The  controller  should  be  so  arranged  that  the  motor  cannot  be 
reversed  at  a  h'gh  speed,  and  all  the  resistance  must  be  inserted  in 


FIG.    6 — PUSH   BUTTON    COXTROL 

the  armature  circuit.  Even  should  all  the  resistance  be  inserted 
in  the  armature  circuit  and  the  motor  then  reversed  at  full  speed, 
the  counter  e.m.f.  will  be  added  to  the  line  voltage,  practically 
doubling  the  efifective  voltage  at  the  motor  terminalsl**^ 

The  main  line  should  be  broken  at  several  different  points,  and 
all  contacts  should  be  protected  by  carbon  brushes,  but  final 
contacts  should  be  made  copper  to  copper. 

The  controller  should  be  arranged  to  return  to  its  normal 
stop  position,  should  the  power  at  any  time  be  cut  off  the  supply 
line. 

The  car  switch  should  be  arranged  to  return  t<-t  center  when 
the  operator  removes  his  hand  from  the  handle. 
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These  rc(|uirelneIlt^  are  lilleil  at  present  by  at  least  e>ne  of  the 
comniereial  ele\ator  controls. 

I'RKSENT  STATUS 

The  present  status  of  the  ele-tric  elevator  may  be  sunimeil  up 
as  follows : 

The  clirect-cin-rent  drum  type  machine,  with  the  most  modern 
method  of  control,  gives  very  satisfactory  results  up  to  a  speed  of 
300  feet  per  minute.     The  cost  of  maintenance  of  this  machine  is 


URUM    TYPE   OF   ELECTRIC    ELEVATOR    MACHINE 

reasonable  where  it  receives  proper  attention,  the  depreciation  being 
less  than  10  per  cent. 

Direct  electric  machines  of  other  types,  which  have  been  de- 
signed to  compete  directly  with  the  higher  speed  hydraulic  elevators, 
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have  not  yet  come  into  general  nsc.  These  machines  arc  too  com- 
plicated in  control  and  design,  too  expensive  to  Iniy  and  maintain, 
and  some  types  have  not  yet  proved  that  they  are  entirely  reliable 
in  their  action.  A  large  number  of  direct-current  electric  machines 
have  l)een  built  for  speeds  of  500  and  600  feet  a  minute,  and  are 
to-day  in  successful  operation,  but  they  have  not  so  far  gained  the 
confidence  of  the  public  at  large  nor  the  unanimous  confidence  of 
elevator  engineers. 

Direct-current  electric  furnace  hoists  up  to  300  horse  power 
have  been  built  and  installed  to  run  up  an  inclined  j^lane  300  or  400 
feet  a  minute  wiih  large  loads,  and  stop  automatically  at  the  top 
and  the  bottom.  These  machines  have  been  in  operation  for  several 
years  and  are  entirely  satisfactory.  Their  cost,  however,  is  greater 
than  lor  steam  fu.rnace  hoists,  and  for  this  reason  they  are  not  as 
extensivel\-  used  as  tiieir  satisfactory  operation  warrants. 

FUTURE   DEVELOPMENTS 

The  future  developments  in  electric  elevators  may  be  expected 
to  be  along  the  following  lines : 

The  drum  t\pe  of  electric  machine  j^robably  will  not  be  used 
for  speeds  above  those  for  which  it  is  now  built ;  in  fact  the  tend- 
ency of  the  last  few  years  has  been  to  decrease  the  speed  of  this 
machine,  as  it  has  a  number  of  inherent  defects  when  used  at  higher 
speeds. 

High-speed  electric  elevators  will  probably  be  developed  in  the 
future  when  the  demand  for  such  elevators  is  sufficient  to  force  the 
matter  upon  the  elevator  companies.  I<2ngineers  have  been  working 
on  this  tvpe  of  machine  for  a  good  many  vears.  and  there  are  a 
number  of  experimental  plants  installed  which  give  promise  of  some 
success  in  this  direction;  however,  the  entire  satisfaction  given  b\ 
the  present  hydraulic  elevator  in  this  class  of  work  has  not  rendered 
the  development  of  this  electric  elevator  an  absolute  necessity.  In 
a  iiumber  oi  instances  where  it  has  been  desirable  to  use  electric 
jiower  for  elevator  service,  hydraulic  elevators  have  been  installed 
and  water  power  develo])ed  l)y  means  of  pmnps  driven  by  electric 
motors. 

Alternating  current  is  used  as  a  source  ot'  jxiwit  i.ir  ^lo\v-si)ei'(l 

electric  elevators.     The  difficulties  which  have  prevented  the  general 

use  of  the  induction  motor  for  high-speed  elevators  are  as  follows: 

•  It  has  been  difficult  to  make  an  accurate  and  reliable  automatic 
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stop  at  the  top  avul  bottom  landings  owing-  to  the  fact  that  the  coni- 
nicrcial  motors  were  essentiaUy  ono-speod  machines. 

Owing  to   the    fact    that    tlie    characteristics    of    the    induction 
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motor  are  similar  to  those  of  the  direct-current  shunt  motor,  it  takes 
considerably  more  starting  current  than  maximum  running  current 
even  when  resistance  is  inserted  in  the  secondary. 

Up  to  the  present  time  all  commercial  controls  are  of  the  simple 
rheostat  type  where  the  speed  of  the  motor  is  controlled  entirely  by 
inserting  resistance  in  series  with  either  primary  or  secondary ;  or 
the  primary  voltage  is  reduced  by  means  of  auto-transformers. 

The  rotor  of  the  induction  motor  is  large  and  the  fly-wheel 
effect  makes  it  difficult  to  stop.  Where  the  direct-current  motor 
is  used  it  is  generally  made  with  an  armature  as  small  in  diameter 
as  is  practicable. 

The  most  promising  field  at  present  for  the  induction  motor 
in  elevator  work  seems  to  be  in  connection  with  hydraulic  installa- 
tions, where  the  induction  motor  is  used  to  drive  a  centrifugal 
pump.  No  installations  using  the  centrifugal  pump  have  yet  been 
made,  but  the  matter  is  in  such  shape  that  there  probably  will  be 
several  of  them  in  operation  shortly.  These  motors  are  being  used 
with  success  to  operate  triplex  pumps  by  allowing  the  motor  to 
nm  constantly  and  by-passing  the  pump  automatically  when  the 
pressure  reaches  the  desired  point. 


THE  YOUNG  ENGINEER  AND  HIS  OPPORTUNITY 

By  CHARLES  F.  SCOTT 

Major  Portion  of  an  Address  to  tlie  (Vraduating  (/lass,  1903,  Stevens  Institute  of  Technology 

A  SIGNIFICANT  condition  exists  in  the  field  of  technical 
education.  Scientific  and  engineering  courses,  both  in 
schools  of  technology  and  in  universities,  mark  the  great 
evolution  in  modern  education.  Although  the  facilities  for  this  new 
kind  of  education  are  constantly  increasing  and  expanding,  yet  the 
number  of  students  increases  faster  than  funds  and  equipment.  Not- 
withstanding this,  graduating  classes  of  increasing  size  are  in- 
sufficient to  meet  the  demands  for  technically  educated  young  men. 

A\'h'at  are  the  conditions  which  have  placed  a  premium  upon 
graduates  in  engineering  and  have  opened  new  opportunities  to 
the  younger  engineer?  A  general  view  of  the  situation  is  contained 
in  a  letter  which  I  recently  received  from  an  engineer  whose  wavy, 
though  distinct,  writing  marks  him  as  well  past  the  meridian  of 
life,  and  which  contains  these  sentences :  "At  the  Philadelphia 
Centennial,  27  years  ago.  we  were  all  asking,  'What  will  the  next 
100  }ears  witness?"  It  has  witnessed  already  more  for  science,  en- 
gineering and  humanity  than  all  that  has  been  accomplished  before, 
and  is  now  in  the  throes  of  yet  greater  things,  which  it  is  develop- 
ing with  yet  greater  energy." 

We  who  are  younger  have  become  so  accustomed  to  acceler- 
ating progress  that  we  do  not  have  the  perspective  bv  which  we 
may  appreciate  the  change  which  has  taken  place.  LUit  a  new  era 
has  come.  W"e  live  in  a  new  civilization.  It  is  the  result  in  no 
small  degree  of  scientific  discovery  and  its  application.  I  will  not 
recount  the  steps  which  mark  the  evolution  of  the  past  centurv.  nor 
will  I  indicate  precisely  how  "the  engineer,  one  skilled  in  the  a])i)li- 
cation  of  materials  and  forces  of  nature  to  the  use  of  man,"  has 
been  a  prime  factor  in  the  evolution  from  savagery  to  civilization. 
The  change  from  the  stage  coach  to  the  express  train,  the  hackney 
coach  to  the  electric  car,  the  shoemaker's  bench  to  the  great  factory, 
arc  illustrated  and  typical  of  the  new  order  of  things.     Find,  if  vou 
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can,  a  single  important  material  element  in  your  daily  lite  which 
has  not  in  some  \vay  l)een  vitally  affected  by  the  work  of  the  en- 
gineer. The  books  we  read,  the  food  we  eat,  the  clothes  we  wear, 
the  houses  v.c  live  in.  onv  methods  of  heating,  of  lighting-,  of  water 
supplv,  of  travel,  of  comnnnneation,  have  all  l)ecn  transformed  since 
the  days  of  our  fathers. 

It  would  be  interesting  to  consider  in  detail  the  specific  ways 
in  which  the  development  of  different  phases  of  engineering  work 
have  been  eft'ective  ir.  accomplishing  useful  ends.  It  is  of  interest 
also  to  generalize  in  order  to  determine  the  particular  process,  if 
such  we  mav  call  it.  b\-  which  engineering  promotes  progress.  Con- 
sider first  the  methods  by  which  the  newest  branch  of  engineering 
has  become  fo  eff'cctive.  The  result  of  the  application  of  electricity 
mav  be  summarized  by  saying.  Electricity  increases  efficiency. 
The  electric  motor,  for  example,  does  little  which  may  not  be  done 
bv  other  means,  but  it  propels  cars,  it  operates  cranes,  it  drives  ma- 
chine tools  and  printing  presses  more  conveniently,  or  rapidlw  or 
cheaplv — in  short,  more  cft'ectively,  than  other  agents.  By  reduc- 
ing time  and  cost  and  iricreasing  output,  it  increases  efiiciency.  In 
the  same  manner  the  great  result  of  engineering  is  this,  Eiigiiiccriiig 
increases  cff.cicncy.  It  provides  the  instruments  and  the  means  and 
the  methods  bv  which  the  results  of  human  activity  are  enormously 
increased.  It  increases  the  work  a  man  can  do :  it  increases  the 
wealth  a  nation  can  produce  :  it  increases  comfort  and  well-being 
it  gives  larger  and  broader  life.  The  building  of  a  new  bridge,  or 
of  a  larger  or  more  efffcient  engine,  or  of  a  more  convenient  ofitice 
building,  are  not  merely  individual  things  to  contribute  to  the  con- 
venience of  a  few  persons ;  still  less  are  they  to  be  considered  merely 
as  the  means  by  which  the  engineer  or  the  builder  may  derive  re- 
muneration. They  are  part  and  parcel  of  the  great  mechanism,  of 
the  intricate  macliinery  of  our  mndcrn  life,  and  they  are  as  essentia! 
to  its  existence  and  its  prosperity  as  are  the  buildings  and  power 
plant  and  tools  in  a  great  machine  shoji  to  the  workmen  who  are 
making  locomotives.  Consider  it  in  this  light,  young  men.  and  the 
profession  vou  have  chosen  is  one  whose  calling  is  high  antl  whose 
responsibilities  are  large.  Do  not  lose  sight  of  this  broader  view; 
do  not  become  so  absorbed  in  minutiae  or  in  details  that  you  miss 
the  ins])iration  which  comes  from  realizing  the  ])art  which  your 
profession  and  vour  work  are  to  fulfil  in  i)romoting  onward  i)ro- 
gress,  for  we  are  now  "in  the  throes  of  yet  greater  things." 

.■\    recent   experience   has   jiarticnlarly   impressed    me    with   the 
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new  rate  of  acceleration  of  the  times  in  which  we  Hve.  I  have  been 
privileged  to  visit  Oxford's  classic  halls  and  to  walk  across  the 
greens  of  Cambridge  and  beneath  the  line  of  overhanging  limes.  It 
is  a  wondrous  presence — to  visit  these  nurseries  wherein  for  cen- 
turies the  flower  of  England's  strength  has  been  nurtured  and  the 
thoughts  and  the  ambitions  which  have  made  Anglo-Saxon  great- 
ness have  had  their  birth. 

To  me  there  was  one  thought  pre-eminent,  even  to  me,  who 
spent  his  earlv  years  in  an  old  university,  the  oldest  in  the  Xorth- 
w^est  territory — it  was  the  pervading  sense  of  the  ancient,  the  un- 
changed. Here  were  buildings  dating  back  beyond  the  days  of 
Columbus'  voyage,  here  were  halls  and  cathedrals  bearing  the  in- 
signia of  kings  and  queens  and  heroes  of  England's  history  so  far 
back  that  history  almost  merges  into  myth.  Yet  it  all  stands  to-day 
as  it  might  have  stood  then.  One  can  imagine  that  Addison  has 
just  preceded  us  along  the  walk  which  inherits  his  name,  or  that 
Newton  has  just  entered  the  door  which  has  been  indicated  by  the 
friendly  Baedacker.  The  past  is  preserved,  one  sees  scarcely  an 
anachronism.  Outside  the  walls  there  may  be  an  occasional  tram 
car,  or  the  electric  light  may  dispel  the  old-time  darkness,  and  down 
this  little  street  with  its  peculiar  turns  and  curves  there  are  labora- 
tory windows  where  the  sight  of  test  tubes  and  of  dynamos  may 
jar  upon  one's  classic  musings,  but  they  are  so  exceptional  that 
they  arc  like  the  glimmering  candle  that  intensifies  the  gloom.  Pass 
on  a  square,  enter  another  portal  and  there  is  nothing  to  dispel  the 
dream  that  you  have  been  transported  back  for  half  a  thousand 
years. 

If  I  return  to  my  native  Ohio  and  visit  the  institution  nearly 
a  century  old  at  Athens  and  then  my  younger  alma  mater  at  its 
capitol  city,  T  do  not  feel  at  home ;  they  are  not  familiar,  for  in 
buildings  and  facilities  and  faculty  and  students  they  have  more 
than  doubled ;  they  have  twice  doubled  since  I,  who  still  count  my- 
self a  young  man,  stood  upon  the  campus  on  a  beautiful  June  day 
to  receive  a  diploma.  The  advance  which  a  decade  now  records  is 
greater  than  that  in  centuries  of  the  past.  Let  us  beware  lest  the 
thoroughness  and  the  strength  of  the  old,  enduring  plan,  with  all  its 
charm  which  softens  life,  are  not  lost  in  the  new  methods  of  the 
strenuous  present. 

You  are  going  forth  to  take  up  your  part  in  the  world's  work 
at  a  time  when  the  work  of  the  engineer  per  se  has  attained  new 
magnitude,  new  importance  and  a  higher  rate  of  advancement.     It 
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is  at  a  lime  also  when  social  and  industrial  affairs  are  in  the  midst 
of  great  changes,  and  at  a  time  when  the  work  of  the  engineer  is 
most  fundamentally  and  intimately  related  to  these  great  move- 
ments. The  very  conditions  which  underlie  modern  life,  such  as 
railroads,  steamships,  manufactories,  power  transmission,  the  con- 
struction of  modern  cities  with  concentrated,  intensive  social  and 
business  activity — all  these  come  from  the  engineer.  ]\Iodern  co- 
operation, social,  industrial,  commercial,  financial,  are  all  the  out- 
come, the  results  of  the  conditions  which  have  been  forming  and 
crystalizing  as  the  results  of  engineering  work.  Hence,  the  wider 
range,  the  greater  responsibilities,  the  larger  life  of  the  present  and 
the  coming  engineer. 

C^ne  of  the  important  ])hases  of  the  new  order  of  things  is  the 
aggregation  and  combination  of  industries  and  of  capital  which 
characterizes  every  branch  of  business.  It  has  been  asserted  that 
this  is  subversive  of  individual  independence,  that  it  restricts  in- 
dividual aspiration  and  advancement,  that  it  is  a  dark  cloud  on  the 
horizon  of  the  college  graduate. 

I  have  seen  recentlv  an  extract  from  an  address  by  ^Mr.  James 
B.  Dill,  at  the  University  of  ^linnesota,  which  deals  with  this  ques- 
tion. He  said :  "I  believe  that  the  tendency  to  organization,  to 
combination,  has  put  a  demand  on  the  college  trained  minds,  has 
put  a  premium  upon  the  services  of  such  men  and  has  made  it 
easier  than  formerly  for  the  college  graduate  to  get  started  and  to 
succeed  in  the  world.  When  the  trust  movement  shall  have  steadied 
itr-elf,  and  when  it  shall  have  eradicated  those  tendencies  which  are. 
apparently,  in  the  wrong  direction,  when  it  shall  have  increased 
and  strengthened  those  elements  which  are  right,  then  the  men  in 
charge  of  the  great  combinations  and  in  executive  positions  will 
be  the  men  who  not  only  have  a  knowledge  of  the  business,  but 
whose  minds  have  been  broadly  trained  and  whose  characters  have 
been  formed  ^\•ithin  university  halls.  The  situation  demands  the 
employment  of  college  men." 

There  is  another  aspect  of  the  modern  movement  in  which  the 
tendencies  are  not  so  clear.  We  know  that  civilization  and  co-opera- 
tion go  hand  in  hand.  We  recognize  the  fundamental  economies 
wdiich  are  the  inspiration  and  the  justification  of  the  corporation  as 
a  financial  and  industrial  institution.  It  is  coming  to  be  generally 
believed  that  in  so  far  as  its  financial  and  commercial  and  engineer- 
ing aspects  are  concerned,  the  trust  is  sound  in  theory,  and  tliat  if 
it  fail  it  is  not  because  of  wrong  principle.  Init  through  misuse  and 
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abuse  of  that  principle.  But  there  is  an  element  in  the  problem 
aside  from  that  of  finance,  aside  from  that  of  engineering-  and  of 
production;  it  is  the  human  ])rol)lem — the  prol)lem  of  the  relations 
between  men.  I  apprehend  that  there  is  a  g-eneral  feeling  that  the 
large  corporati«Mi  is  not  theoretically  sound  from  the  social  stand- 
point, that  although  it  may  lead  to  economies  in  production,  it  does 
not  conduce  to  general  individual  advancement  and  personal  free- 
dom. It  is  felt  that  the  tendency  is  to  elevate  a  few  leaders  and 
to  group  men  into  masses  and  to  treat  them  in  the  aggregate  and 
not  as  individuals. 

As  engineers,  our  training  and  experience  teaches  us  that  what 
is  correct  and  souiid  in  principle  may.  with  favoring  conditions  and 
skill,  be  made  successful  in  practice,  and  also  that  what  is  in  prin- 
ciple unsound  must  sooner  or  later  make  w'ay  for  something  new. 
It  is  fitting,  therefore,  that  we  should  first  determine  what  is  the 
correct  principle,  the  ideal  thing  in  the  movement  toward  combina- 
tion, and  then  work  toward  that  ideal. 

Let  me  quote  in  this  connection  from  an  address  upon  "Man- 
Power,"  recently  delivered  before  a  club  of  young  engineers  in  a 
manufacturing  company  by  ^Ir.  T.  C.  Frenyear : 

"What  is  the  true  principle  of  organization  in  a  democratic 
community?  Is  is  this:  Getting  others  to  do  what  you  ^yant  done, 
while  they  are  doing  ^vhat  they  themselves  wish  to  do :  inspiring 
others  with  a  desire  to  do  ^vhat  you  \yant  done,  not  driving  them  to 
do  it.  *  *  '■■'  The  true  master  of  men  appeals  to  the  high  mo- 
tives and  aspirations  ;  creates  an  atmosphere  which  awakens  and  in- 
spires ;  is  big,  bold,  powerful,  and  attracts  and  attaches  to  himself 
the  wills  of  his  men.  Forces,  things,  men,  are  all  the  raw'  material 
out  of  which  he  builds  vast  structures,  using  each  according  to  its 
fitness  for  his  ])lan.  but  without  violating  either  the  law  of  matter 
or  the  individuality  and  freedom  of  man." 

Such  sentiments  as  these  which  I  have  cpioted  put  a  new  mean- 
ing irito  the  movement  toward  organization  and  combination.  These 
general  questions  are  not  separate  and  apart  from  the  field  of  the 
engineer.  They  are  vitally  connected  with  his  work  and  his  in- 
terests. FTe  who  has  i)aved  the  way  by  the  development  of  material 
things  for  comliination  in  financial  and  commercial  and  industrial 
affairs,  which  in  turn  have  led  to  new  social  problems,  has  assumed 
new  relationships  and  new  responsibilities.  He  has  furi>ished  the 
niachinery  and  the  material  appliances  and  facilities  on  which  the 
great  interc-ts  of  the  present  are  based.     ATay  not  the  methods  and 
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the  princi])les  and  ideals  \\hicli  have  proved  sueeessfid  in  deahng- 
with  material  things  he  applied  also  to  those  organizations  whieh 
deal  with  men?  Has  not  this  material  basis  of  modern  life  been 
more  siiceessfully  and  skillfully  and  eompletely  established  than  its 
financial  and  political  and  social  relationships?  It  is  unjust  distri- 
bution of  wealth  and  speculation,  it  is  corruption  in  numicipal  and 
general  government,  it  is  conflict  between  laborer  and  employer 
that  disturb  and  threaten.  The  engineer  is  in  contact  with  facts ; 
he  has  learned  the  value  of  Truth.  He  knows  and  he  respects 
physical  laws.  Effects  follow  causes  quickly  ;  failure  is  the  certain 
consequence  of  false  data  or  bad  methods.  But  human  affairs  are 
more  complex;  failure  cannot  be  so  readily  traced  to  its  cause,  the 
Truth  is  not  so  evident,  nor  is  it  so  respected,  yet  after  a  longer 
time  it  is  just  as  surely  final.  The  ideal  vmderlying  engineering 
work  is  efficiency — the  production  of  the  maximum  result  with  the 
minimum  of  effort.  The  prevailing  motive  elsewhere  is  selfishness. 
Trace  them  back  to  their  ultimate  causes  and  you  will  find  that 
the  real  danger  in  business  is  that  which  comes  from  greed,  and  the 
real  cause  which  underlies  the  conflict  between  labor  and  capital 
is  selfishness.  The  aim  of  the  old-time  military  engineer  was  de- 
struction ;  the  object  of  the  modern  engineer  is  construction.  En- 
gineering became  a  new  factor  in  world  history  when  it  severed 
itself  from  warfare,  ^^dlo  can  picture  the  transformation  when 
the  principle  of  war  and  selfishness  in  business  and  in  social  affairs 
shall  be  supplanted  by  higher  and  nobler  and  better  motives?  Then 
we  shall  find  that  the  Golden  Rule — the  law  of  Love  and  the  law  of 
Elfficiency  are  one  and  the  same. 

To  you  who  are  about  to  step  forth  from  your  Alma  ]\Iater 
there  opens  a  marvelous  opportunity.  The  work  of  the  engineer 
has  deepened  and  broadened,  and  he  who  will  secure  the  highest 
results  is  he  who  combines  in  himself  the  essential  elements  of 
leadership  in  many  fields. 

1  repeat,  the  underlying  material  basis  of  the  past  century's 
])rngrcss  and  of  ])resent  prosperity,  of  the  evolution  in  commercial 
and  industrial  and  social  conditions,  of  modern  co-operation,  is  en- 
gineering. But  not  only  has  engineering  work  made  them  possible 
by  giving  them  a  material  basis,  but  the  modern  corporation  should 
be  operated  upon  engineering  methods,  and  modern  societv  should 
have  as  its  ideal  the  engineering  princii)le  of  efficiencv.  Economv 
alone  justifies  the  modern  business  corporation — everv  one  of  them 
needs  engineers  to  lay  the   foundations  for  economv  of  production 


204  THE  ELECTRIC  CLUB  JOURNAL 

or  of  operation.  The  future  calls  for  engineering  work  greater  in 
amount  and  higher  in  kind,  it  calls  also  for  engineering  methods  and 
engineering  ideals,  it  calls  for  men  who  can  build  bridges  and  en- 
gines and  cities,  it  calls  for  men  who  can  direct  human  as  well  as 
physical  forces,  it  calls  for  men  of  strong  character,  inspired  by  high 
ideals,  who  can  transform  modern  life  by  engineering  principles  as 
well  as  by  engineering  practice,  and  by  so  doing  embody  in  our 
commercial  and  political  and  social  life  the  simple  principle  of 
efficiency. 


APPLICATIONS    OF   ALTERNATING-CURRENT 
DIAGRAMS 

II. — ELEMEXTARV  EXAMPLES — (CONTINUED) 
By  V.  KARAPETOFF 

A  Series  of  Lectures  Delivered  Before   The  Electric  Ci.cb,  October-December,  1903 
CONNECTION   OF  RESISTANCE   IN   PARALLEL 

An  ohmic  resistance  r  and  an  inductive  resistance  x  are  con- 
nected parallel  between  the  points  A  and  B  of  the  circuit  Fig.  15 
It    is    required    to    find    the    relation    between    the    total  current  /, 

*~  I        A  the  component  currents  in  r  and 

.r    and    the    e.m.f.    between    the 
points  A  and  B. 

First,  suppose  that  this  e.m.f. 
is  given  (Fig.  16).  The  current 
Ir  in  r  coincides  in  phase  with 
this  e.m.f.  and  is  equal  to  E^^r. 
The  current  Lx  in  .r  is  equal  to  E^x  and  lags  90  degrees,  as  is 
shown  in  the  diagram.     The  total  current  /  in  the  line  is  equal  to 

the  geometrical  sum  of  both 
currents  and  is  represented  in 
its  magnitude  and  phase  rela- 
tion by  the  diagonal  of  the  rec- 
tangle having  Ix  and  Ix  as  its 
sides.  If  the  total  current  /  is 
given  and  the  e.m.f.  is  un- 
known, assume  an  arbitrary 
value  Ei  and  construct  the  dia- 
gram Fig.  16.  This  will  give  a 
value  /i.  Then  reduce  the  as- 
sumed voltage  in  the  ratio  /.7i 
^^'--  ^^  to  get  the  true  voltage. 

Induction  Load  for  an  Alternator — A  loo-kw  single-phase 
alternator  for  i  000  volts  pressure  and  100  amperes  full-load  cur- 
rent has  to  be  tested  under  full-load  conditions  at  70  per  cent, 
power-factor.  It  is  required  to  find  the  values  of  the  ohmic  and 
inductive  resistance  to  be  provided  for  such  a  test. 
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]-'irst,  assume  these  resistances  to  be  connected  in  parallel,  so 
as  to  take  separately  the  working  and  the  wattless  component  of 
the    current.     Let    0.^:=^E,    Fig.  17,    represent    the    e.m.f.    of    the 

machine,  and  OB^I,  the  vector 
of  its  current  drawn  at  an  angle 
corresponding  to  the  power-fac- 
tor 70  per  cent,  (see  triangle 
OCD).  By  completing  the  tri- 
angle OBL  the  working  com- 
ponent of  the  current  is  found 
to  be  OL^=^yo  amperes  and  the 
wattless  component  BL^=yi.^ 
amperes.  Accordingly^,  the 
ohmic  rheostat  has  to  be  about 
1 000-^70=14.3  ohms  and  the 
choke  coil  (inductive  resis- 
tance) I  000-7-71.5=14  ohms. 
Now  determine  the  values  of 
FIG.  17  the  resistance  for  the  same  test 

under  the  supposition  that  the  choke  coil  and  the  rheostat  shall  be 
connected  in  series.  The  same  diagram.  Fig.  17.  can  be  used; 
except  that  instead  of  a  triangle  of  currents,  a  triangle  of  the  com- 
ponent e.m.f. 's  is  used.  Drop  a  perpendicular  AK  on  the  current 
line  and  obtain  the  triangle  OAK.  Its  sides  being  measured  are 
equal  to  700  volts  and  715  volts.  Consequently  the  ohmic  resist- 
ance has  to  be  in  this  case  70O-^-IOO=7  ohms  and  the  inductive 
7;  5^-100=7. 15  ohms.  According  to  local  conditions  and  the  ap- 
paratus at  hand,  the  one  or  the  other  scheme  of  connections  may  be 
more  convenient. 

^Scries  Incaiidrscoif  Lamps — For  lighting  long  canal  series 
incandescent  lamps  are  used,  each  shunted  by  choke  coil  to  prevent 
the  circuit  being  broken  by  the  burning  out  of  the  lamp  (Fig. 
18).  The  total  current  in  the  line  consists  of  a  working  component 
flowing  through  the  lamps  and  a  wattless  component  tlowing 
through  the  choke  coils.  After  one  or  more  lamps  have  burned  out. 
the  total  current  must  flow  through  the  corresponding  choke  coils, 
so  that  the  tension  at  the  terminals  of  the  machine  must  be  somewhat 
increased  to  keep  the  same  value  of  current  through  the  remainder 
of  the  lamps.  But  if  the  number  of  lamps  in  series  is  considerable 
and  the  inductive  resistance  of  the  choke  coils  is  appropriately 
selected,  burning  out  of  few  lamps  will  have  practically  no  intlu- 
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ence  upon  the  brightness  of  other  lamps  ;  it  may  be  said  that  this 
system  combines  tlie  advantage  of  the  series  connection  ( great 
reckiction  of  hne  copper)  with  the  independence  of  each  lamp,  as 
in  the  parallel  connection.  We  shall  construct  the  diagram  for 
the  two  conditions : 


Ketum  Wire 


(  I )      While  all  the  lamps  are  burning. 

(2)     After  2=,  per  cent,  of  the  lamps  are  burned  out. 

Let  the  line  consist  of  loo  lamps  for  50  volts  and  3  amperes 
each,  and  the  inductive  resistance  of  each  coil  be  21.8  ohms,  so 
that  it  takes  under  normal  condition  a  wattless  current  of 
50^21.8=2.3    ami^eres      Let     JB,    Fig.    19,     represent    the    total 

MS IB 


voltage  100x50— -5000  volts  and  ./("  and  .11)  the  working  and  the 
wattless   components   of   the   cm-rent.      .IF   is   the   total   current   in 
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the  line,  and  as  measured  on  the  diagram  is  equal  to  3.78  amperes. 
The  ratio,  AC:AF— So  per  cent.,  is  the  power-factor.  Now  sup- 
pose 25  per  cent,  of  the  lamps  burn  out  and  the  tension  at  the  ma- 
chine terminals  to  be  increased  to  give  the  same  total  current,  3.78 
amperes.  The  total  tension  at  the  terminals  of  75  per  cent,  of  the 
lamps  is  now  AK=o.'/^  AD.  The  voltage  at  the  terminals  of  the 
remaining  25  per  cent,  choke  coils,  which  carry  the  total  current, 
is  KM  instead  of  KB,  where  ratio  K.]LKB  is  equal  to  AF:CF 
(because  the  current  in  these  choke  coils  is  increased  from  CF  to 
AF).  KM  is  perpendicular  to  AF,  because  the  choke  coils  have 
only  inductive  resistance,  and  the  voltage  at  their  terminals  must 
lead  the  current  by  90  degrees.  The  resultant  e.m.f.  of  the  gener- 
ator is  A^[=AK-\-KM  (geometrical  addition).  The  diagram 
shows  that  the  voltage  AM  is  only  5  per  cent,  higher  than  AB, 
that  is.  ])urning  out  25  per  cent,  of  the  lamps  demands  only  5  per 
cent,  increase  of  voltage  at  the  generator.  The  same  problem  can 
be  put  inversely :  to  find  such  a  value  of  inductive  resistance  of  the 
choke  coils  that  a  regulation  of  but  5  per  cent,  be  necessary  after 
25  per  cent,  of  the  lamps  be  burned  out.  In  this  case  the  diagram 
.must  be  constructed  beginning  with  the  triangle  AMB.  where 
AB=^  000  volts  and  AMr=^  250  volts.  Then  the  circle  APK  and 
the  line  MP  can  be  drawn,  after  which  the  direction  of  the  total 
current  vector  AP  will  be  determined.  Then  draw  CF,  which 
gives  the  wattless  component,  2.3  amperes.  Dividing  50  volts  by 
2.3  the  inductive  resistance  of  the  choke  coils  is  found  to  be  21.8 
ohms. 

This  series  arrangement  has  great  advantages  for  lighting  long 
distances  where  but  small  illumination  is  needed,  as  lighting 
canals,  yard  track,  small  railway  stations,  highways  near  cities 
and  so  on.  A  close  regulation  of  the  voltage  is  not  necessary  in 
such  cases,  and  slight  differences  in  the  amount  of  light  given  by 
a  lamp  would  not  be  noticeable. 


SERIES-PARALLEL  COXNECTION   OF  RESISTANCES 

An   ohmic  resistance,  ri,   and  an  inductive   resistance,  .ri.   are 

connected  in  series  Fig.  20.     Two  other  resistances,  r^  and  x^. 

are  also  connected    in    series,    and    both    groups    are    connected    in 

parallel.    It  is  required  to  find  the  relation  between  the  voltages  and 

the  currents  in  both  branches  Fig.  21. 
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Let  CD  be  the  voltage  between  the  points  A  and  B  Fig.  20. 
Triangle   CDF  gives  the  component  vohages   for  branch    (i)    and 

CDG  those  for  branch  (2).  The  mean- 
ing of  each  vector  is  shown  on  the  dia- 
gram. The  cnrrents  T=DPi  and  E^ 
DP"-  are  in  phase  with  the  correspond- 
ing ohmic  components.  The  total  cur- 
rent, DT=I^  in  the  line  is  their  geo- 
metrical sum.  The  two  triangles  of 
voltages  and  the  parallelogram  of  the 
currents  gives  full  information  concern- 
nig  the  circuit  under  consideration. 
If  the  total  voltage  E^CD  and  the 
values  of  resistances  are  given  but  the  currents  are  unknown,  the 
diagram  can  be  constucted  as  follows :  Describe  a  half  circle  with 
CD  as  a  diameter.  Put  D a=:r  1  and  ab=.vi  on  any  scale  whatever: 
point  b  lies  on  DF,  and  triangle  DEC  can  be  constucted.  In  the 
same  way  construct  triangle  Dcd  and  DGC.  2\Ieasure  DF  znd  DG 
in  the  same  scale  as  CD  ;  this  will  give  the  ohmic  drop,  which,  div- 
ided by  the  corresponding  ohmic  resistances,  determines  the  com- 
ponnent  currents  h  and  /'  after  this  their  resultant  /  can  be  easily 
found.  Here,  as  in  all  cases,  the  scale  of  amperes  is  independent 
of  the  scale  of  votes. 
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If  the  total  current  /  is  given  and  the  voltage  CD  is  unknown, 
assume  an\-  value  whatever  for  this  voltage  and  construct  the  same 
diagram    (Fig.  21).     Suppose  the  resultant  current  to  be  U\  then 
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the  true  voltag-e  E  is  E^    .    and  the  wlu'le  (hasiTam  is  to  he  re(hiced 


the  same  ratio 


300  Kilowatts     W 


jL 


Transmission    Line   Supplying    Lamps   and   Motors — A  trans- 
mission Hne  sii|)i)hes  current  to  200  kw  of  incandescent  lamp  load 

and  to  100  kw  load  of  motors 
having-  an  average  povver-facor 
of  80  per  cent.  It  is  required 
to  find  the  combined  (eciuiva- 
lent)  power-factor  of  the  total 
load   Fig.   22,. 

Draw  OA  proportional  to  200 
kw  Fig.  23,  in  phase  with  the 
e.m.f.  (non-inductive  load)  and 
OB  such  that  its  projection  OC 

The 


o 


FIG.    23 


FIG.    22 

on    OA    (working   component)    be   proportional   to    100   kw 
angle   will   correspond  to   the  power-factor  80  per   cent.     Vectors 
OA    and    OB    are    proportional   to 

the   currents  flowing  in   the  lamps      \^ e H 

and  in  the  motor  circuits.  Their 
resultant  OE  has  a  projection  on  q 
E  e(|ual  to  300  kw.  The  resultant 
power-factor  aftecting  the  genera- 
tor and  the  line  is  given  by  the 
angle  AOE ,  and  its  cosine  is  equal 
to  97  per  cent.,  as  measured  on  the 
diagram. 

Resistances  Connected  to  Obtain  Ouadrafiire  e.m.f. 's — A  coni- 
bination  of  ohmic  and  inductive  resistances  is  con- 
nected across  a  line  AB,  as  shown  in  Fig.  24.  It 
is  essential  in  this  combination  that  r  be  connected 
^  to  B  and  x  to  A  in  one  branch  and  .r  to  B  and  r 
I  to  A  in  the  other  as  shown.  The  problem  is  to 
I  find  the  voltage  betwecii  the  i)oints  K  and  L. 
*^  The  diagram  is  represented  in  Fig.  25.  Tri- 
F'<--  -24  angles  of  voltages  CDF^  and  CDE2  are  construct- 
ed in  the  same  way  as  in  Fig.  21.  The  voltage  between  points  K 
and  L  is  the  difference  between  the  voltage  drop  in  ri  and  .r-. 
Therefore,  from  the  end  of  DF,  representing  the  voltage  in  R', 
draw  a  line  EM,  equal  and  opposite  to  F^C^=L^.v-.     The  resultant 
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vector  DM   represents  the  required   voltage  between   the   ponits  K 
and  L. 


The  easiest  uay  to  understand  why  the  voltage  between  K  and 
L  is  the  difference  betweeen  hri  and  I-.v-^  is  to  substitute  direct 
current  for  alternating  current.  In  this  case  it  is  clear  that  if  a 
voltmeter  measures  30  volts  between  K  and  B  and  20  volts  be- 
tween L  and  5,  it  will  show  10  volts  between  A.'  and  L.  To  make 
it  still  clearer,  suppose  that  point  B  is  grounded  ;  that  is.  kept  at 
zero  potential.  The  potential  of  A'  is  in  this  case  30  volts,  the 
potential  of  L,  20  volts ;  it  is,  therefore,  self-evident  that  the  differ- 
ence of  potential  between  K  and  L  must  be  10  volts.  As  a  general 
rule,  that  which  is  true  algebraically  for  a  direct-current  system 
is  true  geometrically  for  alternating-current  vectors.  Thus  the 
pressure  between  K  and  L  is  equal  to  the  geometrical  dift'erence 
between  vectors  DFi  and  CF^. 

In  the  special  case  of  DFiz=CFi=DF^=CF^  \  that  is.  the  four 
resistances  being  equal,  this  diagram  shows  that  the  voltage  be- 
tween the  points  K  and  L  is  equal  to  the  given  e.m.f.  /:,  and  lags 
90  degrees  bchinrl  it  (shown  by  dotted  line  in  I'ig.  25). 
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This  way  of  producinc;-  an  artificial  phase  at  an  angle  of  90 
degrees  to  the  fnndamer.tal  voltage  has  been  used  to  some  extent 
in  connection  with  induction  wattmeters.  Instead  of  inserting  a 
high  inductive  resistance  in  series  with  the  shunt  winding  of  the 
meter,  the  above  described  combination  of  high  resistances  is  in- 
serted between  the  mains  and  the  shunt  winding  of  the  meter  is 
connected  between  the  points  K  and  L.  In  this  way  the  current 
in  the  shunt  winding  is  made  to  lag  90  degrees  behind  the  e.m.f. 
of  the  current,  as  is  necessary  for  producing  the  rotating  magnetic 
flux.  Of  course,  any  attempt  to  take  a  considerable  current  be- 
tween the  points  K  and  L  would  very  much  diminish  the  voltage 
between  these  points  and  also  diminish  the  phase  angle  between 
CD  and  DM. 

Correction  for  Losses  in  Diagram  of  Choke  Coils — In  all  the 
problems  considered  it  has  been  supposed  that  the  inductive  re- 
sistance was  constant :  in  reality  we  have  in  almost  all  cases  to  deal 
with  iron  in  choke  coils,  which  causes  the  inductive  resistance  to 
vary,  its  value  depending  on  the  magnetizing  current,  or  indirectly, 
on  the  voltage  at  the  terminals.  The  necessary  correction  in  the 
vector  diagrams  can  be  easily  made  if  a  curve  be  given,  showing 
the  change  of  magnetic  permeability  of  the  iron  used  with  the  flux 
density  of  the  core,  or,  which  is  the  same,  showing  inductive  re- 
sistance of  the  coil  as  a  function  of  its  terminal  pressure.  In  addi- 
tion, the  ohmic  resistance  of  the  coil  cannot  be  neglected  in  all 
cases ;    sometimes   a    coil   should 
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be  considered  as  an  inductive- 
resistance  and  an  o  h  m  i  c  re- 
sistance in  series.  In  addition 
to  this,  if  a  very  close  approxi- 
mation be  needed,  iron  losses  of 
the  coil  should  be  taken  into  ac- 
count. The  easiest  way  to  do 
this  is  to  assume  the  coil  shunt- 
ed by  an  imaginary  ohmic  re- 
sistance R  such  that  the  loss  in 
it  be  equal  to  the  iron  loss  of  the  coil.  A  curve  giving  the  iron  loss 
of  the  coil  as  a  function  of  the  pressure  E  at  its  terminals  must 
be  known  in  order  that  this  correction  can  be  made.  The  imagin- 
ary resistance  R  is.  of  course,  somewhat  variable  with  E. 

Thus  an  actual  choke  coil  can  be  replaced  by  the  following 
combination  of  resistances  Fiof.  26: 


FIG.  26 
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(a)  Actual  inductive  resistance  x. 

(b)  Ohmic  resistance  of  the  winding  r. 

(c)  Fictitious  high  ohmic  resistance  R  shunted  across  x  and 
representing  the  iron  loss  in  the  coil. 

The  diagram  for  this  circuit  is  shown  in  Fig.  27. 

The  voltage  across  AB  Fig.  26  is  represented  by  E°.  In 
phase  with  this  is  the  energy  current  Ir  in  the  non-inductive  re- 
sistance representing  the  iron  loss.  Lagging  90  degrees  behind  £0 
is  the  magnetizing  current  Ix,  flowing  in  the  coil  .r.    The  total  cur- 


FiG.  27 

rent  /  is  the  resultant  of  Ir  and  Ix,  as  shown.  This  total  current 
causes  an  ohmic  drop,  Ir,  whose  vector  is  parallel  with  the  cur- 
rent /.  Then  the  total  voltage  E  is  the  resultant  of  Eo  and  Ir.  It 
will  be  seen  that  both  corrections  have  caused  a  decrease  in  the 
angle  between  total  current  and  total  voltage. 


CoRRECTiox — On   page    166,   line    18,   of   the   April   issue   the 
numerical  statement  should  be  changed  to  read  as  follows: 
25o-^-V3=  144-5  volts.     The  inductive  drop  is: 
Vi-14-5'— (o-35Xioo)'=i40  volts. 


WINDING  A  RAILWAY  MOTOR  ARMATURE 

By  H.  D.  ROBERTSON 

THE  conipk-tcd  generator  or  motor  armature,  with  its  ap- 
parentlv  coniplicated  arrangement  of  coils  and  connecting- 
wires,  gives  very  little  ide:i  of  what  the  construction  of  the 
armature  really  is.  It  is  the  purpose  of  this  article  to  explain  this 
bv  describing  the  construction  of  an  armature  by  following  it 
through  its  different  processes  of  manufacture.  The  Westinghouse 
No.   12  A  railwav  motor  armature  will  be  described,  as  this  has  a 


No.  1 


FIG.  r — PosrrioN  of  first  coil  on  core 


typical  winding,  and  the  completed  armature  is  familiar  to  a  large 
number  of  those  who  will  be  interested  in  this  article. 


lii:SCKll'TI()X   OF   THE   NO.    12   A    WIXDIXC. 

y  he  Co:ls — The  No.  12  A  armature  has  47  slots  in  which  are 
placed  4/  complete  coils,  i.  e.,  two  sides  of  two  different  coils  are 
placed  in  each  slot ;  this  arrangement  is  commonly  called  "two  coils 
per  slot.  "  The  "throw"  of  the  coil  is  i  and  12.  i.  e.,  one  side  of 
a  C'lil   is  ii1.-i(N>d  in  tbc  bottom  n\  ^liu  No.    T   and  the  other  side  of 
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this  saiiic  coil  is  j^lcKcd  in  llio  lop  of  slot  Xo.  12.  This  is  shown 
in  Fii^.  I.  J^ach  complete  coil  consists  of  two  parts  or  single  coils 
asseniblcd  together  in  one  insulating  cell.  The  single  coil  consists 
of  five  turns  wound  continuously  with  a  single  wire.  There  are 
therefore  two  leads  from  each  side  of  the  complete  coil. 

Ccinicctioits  of  the  iriiiding — For  showing  the  connections  of 
the  winding  the  single  coil  may  be  considered  as  made  of  a  single 
turn  :  the  number  of  turns  in  the  single  coil  does  not  afifect  the 
connections  between  coils  or  the  connections  to  the  commutator. 
Then  considering  each  side  of  a  single  coil  to  be  one  conductor. 
there  will  be  four  conductors  i)er  slot,  or  47X4=188  total  ce)n- 
ductors.  One  single  coil,  however,  is  disconnected  from  the  total 
winding,  so  that  there  are  186  active  conductors  in  the  winding. 
C)ne  coil  is  cut  out  in  this  way,  so  that  the  winding  will  not  form 
a  closed  circuit  at  the  finish  of  the  first  passage  around  the  core. 

Jn  order  to  show  the  connections  of  the 
winding  it  is  first  necessary  to  distinguish 
the  different  conductors  in  a  slot  as  in  Fig. 
2,  and  to  find  the  "back  ]>itch"  and  "front 
pitch"  of  the  winding.  The  back  pitch  is 
the  number  of  conductors  between  the  two 
sides  of  the  single  coil.  It  is  therefore  de- 
termined by  the  throw  of  the  coil  and  the 
arrangement  of  the  wires  in  the  coil. 

In  Fig.  I  the  four  single  coils  in  slot  Xo. 
12  will  be  X^os.  45,  46,  47,  and  48;  conductors 
Xos.  I  and  46  are  the  two  sides  of  the  same 
single  coil,  so  that  the  back  pitch  is  46 — 1^=45.  The  average  of 
the  front  and  back  pitches  is  given  by  the  formula: 

Xo.  con(luctors-]-2 
Average  pitch= 


Slot  No.  1 


No.  4 


No.  3 


^1 


No.  2 


No.  I 


FIG.      2 — ARR.\.\GEMEXT 

OF   CONDUCTORS   IX 

THE    SLOT 


no  poles 


In  the  12  A  armature  this  is: 


Average  i)itch: 


186+2 


4 


=47 


The  average  i)itch  being  47  and  llu  back  pitch  45.  the  front 
pitch  nuist  be  4<>-  I  he  front  i)itcli  is  the  numl)er  of  conductors 
between  the  two  coils  comiecte<l  together  by  the  comnnUator 
leads. 
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Conductor  Xo.  i  in 
the  bottom  of  slot  No. 
I  is  connected,  by  the 
wires  inside  the  coil  on 
the  pinion  end  of  the 
armature,  to  conductor 
No.  46  (i-f-45),  which 
is  in  the  top  of  slot 
No.  12.  This  conductor 
is  connected  by  means 
of  the  lead  wires  of  the 
coils  on  the  commutator 
end  of  the  armature, 
and  through  a  commu- 
tator bar,  to  conductor 
No.  95  (46+49),  which 
is  in  the  bottom  of  slot 
No.  24.  Conductor  No. 
95  is  connected  through 
the  coil  on  the  rear  to 
conductor  No.  140 
(95-I-45),  which  is  in 
the  top  of  slot  No.  35, 
and  this  in  turn  is  con- 
nected by  the  commu- 
tator  leads  to  con 
ductor  No.  189  (140-I- 
49),  which  is  in  the 
bottom  of  slot  No.  i, 
i.  e.,  conductor  No.  189 
is  conductor  No.  3,  since 
there  are  only  186  con- 
ductors  in   the  winding. 

These  connections  of 
the  winding  are  shown 
in  Fig.  3.  When  one 
passage  around  the  ar- 
mature circumference  is 
completed  the  second 
passage  begins  with  the 
lower    conductor     adja- 
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cent  to  the  beginning-  contlueli»r  of  the  hrst  passage;  and  the  third 
passage  begins  with  the  lower  conductor  adjacent  to  the  beginning 
conductor  of  the  second  passage,  and  so  on  until  the  entire  arma- 
ture core  has  been  covered. 

CONSTRUCTION'    OF    THE   ARNFATIKR 

The  Core — The  first  operation  in  the  construction  of  the 
armature  is  building  the  core.  It  is  built  up  on  the  shaft  of  sheet 
steel  punchings  which  are  firmly  clamped  between  two  cast  iron 
end  plates.  The  slots  are  filed  sufificiently  to  remove  any  projecting 
edges  of  the  laminations  that  would  cut  the  insulation  of  the  coils. 
The  coils  are  prepared  for  winding  the  core  as  shown  in  Fig.  4. 
The  side  of  the  coil  that  goes  in  the  bottom  of  the  slot  is  shorter 
than  the  side  that  goes  in  the  top  of  the  slot.     The  leads  from  the 
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short  side  are  bent  down  and  out  and  the  leads  from  the  long  side 
are  bent  up  and  back,  as  shown  in  the  photograph. 

J  finding — The  armature  core  is  placed  in  a  winding  lathe, 
which  consists  of  the  berl  and  two  supporting  centers.  Cells  made 
of  paraffined  paper  are  placed  in  the  slots  to  protect  the  coils  while 
winding.  I""ig.  5  shows  the  method  of  placing  the  coils  on  the  core. 
The  short  side  of  the  coil  is  placed  in  the  bottom  of  a  slot  which 
may  be  designated  No.  1  ;  then,  hxjking  at  the  comnuitator  end  of 
the  core  and  counting  in  a  counter-clockwise  direction,  the  long 
side  of  the  coil  is  placed  in  the  top  of  slot  Xo.  12.  The  second 
coil  is  similarly  placed  in  slots  Xo.  47  and  Xo.  11,  the  third  coil  in 
slots  Xo.  46  and  Xo.  10.  and  so  on. 
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The  upper  sides  of  the  first  eleven  coils  placed  are  not  forced 
into  the  slots,  as  they  have  to  be  raised  in  order  to  place  the  short 
side  of  the  last  eleven  coils.  Both  sides  of  the  twelfth  and  remain- 
ing- coils,  however,  will  be  in  place  permanently,  and  may  be  driven 
into  the  slots.  To  wind  the  last  eleven  coils,  the  upper  side  of  the 
first  eleven  are  lifted  out  of  the  sloes  and  forced  back,  so  as  to  give 
sufficient  room  to  place  the  last  coil.  Fig.  6  shows  the  core  partly 
wound.  When  all  the  coils  have  been  placed  on  the  core,  the 
raised  parts  are  then  forced  into  their  permanent  position.  A 
fiber  drift  and  a  rawhide  mallet  are  used  to  force  the  coils  into 
jdacc,  thus  avoiding  injury  to  the  coils.  To  make  the  armature 
symmetrical,  the  coils  are  trued  up,  so  that  the  projecting  parts 
are  equally  divided  between  the  two  ends  of  the  core.  A  tempor- 
ary band  of  copper  wire  is  put  on  at  each  end  of  the  core  to  hold 
the  coils  in  position. 

Tlie  first  insulation  test  is  now  made,  and  consists  in  apply- 
ing a  potential  of  3  600  volts  between  the  coils  and  core.     To  do 


lie.    5 — ARMATURE  CORE 

this  the  insulation  is  removed  for  about  one  inch  from  the  upper 
row  of  leads,  which  are  then  connected  together  by  a  bare  copper 
wire;  one  of  the  potential  leads  is  connected  to  this  wire,  which 
insures  a  good  contact  to  all  the  coils,  while  the  other  terminal  is 
placed  on!  the  core,  and  any  ground  will  be  indicated  by  the  open- 
ing of  a  circuit-breaker,  which  is  connected  in  the  line  circuit  of  the 
testing  transformer.  If  the  insulation  proves  satisfactory  the 
commutator-end  of  the  coils  is  insulated  preparatory  to  connecting 
the  leads  to  the  commutator.  This  consists  in  covering  the  bend 
of  the  coils  with  two  duck  blankets.  These  are  given  a  neat  fit, 
and  are  then  ke])t  in  jiosition  by  a  cord  tied  in  six  places  around 
the  armature.  The  cord  is  passed  down  between  the  coils  at  the 
end  of  the  core,  brought  up  over  the  blankets  and  firmly  tied.     Be- 
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fore  the  commutator  is  put  on  the  shaft,  the  lower  leads  must  be 
bent  into  position  for  connecting',  because  the  commutator  fits  up 
closely  to  the  coils,  just  leaving  sufficient  room  for  the  leads.  The 
lower  layer,  cosisting  of  the  leads  from  the  under  side  of  the  coils, 
goes  to  the  right,  the  operator  facing  the  commutator.  Fig.  7  il- 
lustrates the  method  of  bending  the  leads.  They  are  carried  to  the 
right,   giving  them   approximately  the   right   pitch,   and  then  back 


FIG.    6 — PARTIALLY    WOUND    CORE 

on  the  core,  being  held  in  position  by  the  upper  layer  of  leads  until 
they  are  connected  to  the  commutator. 

Connecting — The  commutator  is  now  forced  on  the  shaft  by 
a  press.  Besides  the  tightness  of  the  fit,  the  commutator  is  pre- 
vented from  moving  on  the  shaft  by  a  key.  This  key  also  serves 
to  line  up  the  commutator  with  the  core,  because  the  key-way  on 


FIG.   7 — ARMATURE   W  ITH    LOWER   LEADS   BENT   IN   PROPER   POSITION 


the  commutator  bushing  is  laid  ofi^  so  as  to  give  the  recjuired  posi- 
tion of  the  segments  with  regard  to  the  core.  This  fi.xed  relation 
between  the  armature  winding  and  the  comnuitator  bars  is  neces- 
sary on  account  of  the  fixed  brushes  used  in  railway  motors.  That 
is,  a  conductor  must  be   connected  to   such  a  bar.  that  when  the 
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bar  is  under  ihe  brush,  short-circuitino-  the  conductor  t<>  which  it 
is  connected,  the  conductor  will  lie  between  two  adjacent  poles. 

Before  connecting  the  coils  to  the  commutator  it  is  necessary 
to  lay  off  the  throw  of  the  leads  on  the  commutator. 

The  commutator  jiitch,  expressed  in  commutator  bars,  is 
equal  to  the  average  pitch  of  the  coil,  expressed  in  conductors. 
Thus  the  commutator  pitch  is  47  and  the  two  leads  of  the  same 
coil  are  connected  to  commutator  bars  i  and  48.  A  rule  for  obtain- 
ing the  commutator  throw  (i+the  pitch)  Avhich  is  applicable  only 
to  four-pole  progressive  windings  is : 

No.  com.  bars-|-3 

Commutator  thrown; 

2 

This  is  derived  directly  from  the  formula  for  average  pitch 
previously  given. 


FIG.    8 — ARMATURE    WITH    LOWER    LEADS    CONNECTED    TO   COMMUTATOR 

The  throw  of  the  leads  is  now-  laid  off  on  the  commutator ; 
the  center  of  any  coil  is  taken,  and  a  point  opposite  to  it  is  marked 
on  the  commutator  and,  in  12  A  armature,  this  point  will  lie  on  the 
mica  insulation  between  two  bars.  If  the  throw  is  over  an  equal 
number  of  bars,  then  half  the  number  is  taken  in  each  direction 
around  the  commutator  from  the  center  point.  But  if  it  is  an  odd 
number  of  bars,  the  old  bar  is  added  to  the  pitch  of  the  upper  row 
of  leads. 

Having  laid  off  the  throw  on  the  commutator,  the  lower  row 
of  leads  are  connected  first.  Take  the  lower  lead  of  the  coil  for 
•which  the  commutator  throw  has  been  laid  oft'  and  connect  it  to 
the  proper  bar.  The  insulation  is  skinned  oft"  that  part  of  the  lead 
which  will  lie  in  the  commutator  neck,  and  the  lead  is  then  forced 
to  the  bottom  of  the  slot. 
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The  remaining  leads  arc  brought  forward  in  regular  order 
and  connected  to  the  proper  bars.  Fig.  8  shows  the  armature  with 
the  lower  row  of  leads  connected.  When  all  the  lower  leads  are 
connected,  a  test  is  made  in  order  to  be  sure  that  there  are  no 
wrong  connections.  The  method  of  testing  the  connections,  or 
'iightirig-out,"  as  it  is  called,  is  to  use  a  lamp  circuit,  one  wire  of 
which  has  been  cut  and  terminals  soldered  on  the  ends.  When 
one  terminal  is  placed  on  the  commutator  segment  and  the  other 
on  the  upper  lead  of  the  same  coil,  then  the  lamp  circuit  is  closed 
through  the  coil  and  the  lamp  glows.  The  terminals  are  moved 
consecutively  around  the  commutator  segments  and  the  leads  of 
the  upper  row  and,  so  long  as  the  lamp  glows  for  each  position, 
the  connection  has  been  properly  made.  Having  tested  out  the 
lower  row  and  finding  the  connections  to  be  correct,  the  leads  are 
insulated.     This    consists    in    covering   them    with    three    lavers    of 


FIG.     9 — ARilATL'RE     WITH     ALL     LEADS    CONNECTED    TO     COMMUTATOR 

friction  cloth,  which  is  bound  with  tape.  The  friction  cloth  makes 
a  smooth  surface  for  the  upper  row  of  leads  to  lie  on,  and  these 
are  now  connected,  giving  the  first  lead  the  proper  pitch  forward 
as  previously  laid  off  on  the  commutator.  When  the  leads  of  one 
coil  are  in  position  it  is  a  simple  matter  to  place  all  other  leads 
symmetrically.  Fig.  9  shows  a  view  of  the  armature  with  all  the 
leads  connected  and  before  they  have  been  soldered.  Before 
soldering,  however,  the  second  insulation  test  is  made,  and  consists 
in  applying  a  potential  of  3  300  volts  between  the  coils  and  core. 
The  terminals  of  the  testing  transformer  are  placed  on  the  com- 
mutator and  core  respectively.  If  the  insulation  stands  the  test 
the  leads  are  then  soldered  to  the  commutator.  When  soldered, 
the  armature  is  again  placed  in  a  lathe  and  the  commutator  is  turn- 
ed down  1/32  of  an  inch.  This  is  to  remove  all  particles  of  solder 
which  mav  l)e  sticking  to  the  surface  and  short-circuitinir  the  bars. 
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The  commutator  is   polished   \vilh   sandpaper   and  gives   a   smooth, 
even  surface  for  the  hrushes  to  hear  on. 

Banding — The  last  step  in  the  construction  is  to  band  the 
armature.  Seven  strips  are  placed  on  it — four  on  the  core,  one  on 
each  end  of  the  coils  and  one  to  hold  the  leads  in  place.  The  bands 
on  the  coils  should  be  wound  out  "s  far  as  possible  without  danger 
of  their  slipping  off  the  ends,  while  the  others  are  made  $  inch  wide. 
The  coils  are  first  pressed  down  into  the  slots  by  a  copper  strap 
tightened  by  a  screw,  and  then  the  insulation  under  the  bands  is  put 
on.  The  bands  on  the  core  are  insulated  by  one  layer  of  mica 
and  fullerboaid,  \\hile  the  coils  are  protected  by  one  layer  of  bond- 
paper  with  two  layers  of  elastic  tape.     The  insulation  is  made  of 


FIG.    10 FINISHED   ARMATURE 


sufficient  width  to  leave  J  inch  on  each  side  of  the  bands.  The 
wire  used  is  .045  medium  hard  steel,  tinned,  and  has  a  tensile 
strength  of  204  pounds.  The  armature  is  rotated  in  a  lathe  and  the 
wire  is  wound  under  a  tension  of  about  100  pounds.  The  separate 
liu'ns  are  soldered  together  and  are  further  held  by  clips  soldered 
across  the  band. 

Tht  third  insulation  lest  is  now  made  and  a  potential  of  3  ooo 
volts  is  applied  between  the  coils  and  core.  The  armature  is  also 
tested  for  short  circuits  by  the  method  described  in  the  March  issue 
of  the  JouRXAi..  Fig.  10  shows  the  finished  armature  after  it  has 
been  given  a  coat  of  insulating  paint,  and  after  the  oil  wiper-rings 
have  been  pressed  on  the  shaft.  It  is  now  readv  to  be  assembled 
with  the  remaining  parts  of  the  motor. 


THE  TEST  OF  A  >>00  KW  TURBO-GENERATOR 

By  FRED  P.  WOODBURY 

RECENTLY  the  largest  turbo-generator  ever  built  was  put 
on  test  in  the  testing  department  of  the  Electric  Company. 
The  frontispiece  and  the  accompanying  photographs  show 
the  appearance  of  the  machine  as  it  was  assembled  for  testing. 
This  generator  is  the  first  of  eight  to  be  built  for  the  Metropolitan 
and  District  Electric  Traction  Company  of  London.  It  is  5  500  kw 
capacity.  3  phase,  11  000  volts'  33  cycles,  and  runs  at  a  speed  of 
I  000  r.p.m.  The  high  peripheral  speed  at  which  the  revolving  field 
is  designed  to  run  necessitated  special  construction  in  both  the  re- 
volving part  and  in  the  bearings,  and  the  purpose  of  the  tests  made 
was  to  determine  the  effectiveness  of  the  novel  construction,  rather 
than  to  determine  the  electrical  performance.  In  fact,  the  armature 
core  was  assembled  in  temporary  form  and  without  the  armature 
winding,  so  that  the  electrical  readings  taken  were  of  comparative 
value  only. 

The  regular  bearings  for  the  turbine  and  generator  form  part 
of  the  turbine-end  of  the  unit  which  necessitated  a  set  of  testing 
bearings  beind  made.  These  bearings  are  very  well  shown  in  the 
photographs.  The  middle  pedestal  contains  two  bearings,  a 
coupling  betweeen  the  generator  shaft  and  pulley  shaft  occupying 
the  space  betwen  them.  The  bearings  were  supplied  with  a  con- 
tinuous flow  of  oil  by  means  of  the  oil  reservoir  and  pipes  shown. 
After  passing  through  the  bearings  the  oil  was  pumped  through 
cooling  coils  and  then  to  the  reservoir  when  it  was  ready  to  pass 
through  the  bearings  again.  During  the  tests  the  generator  was 
driven  by  a  400  kw,  500  volt  direct-current  motor  by  belt. 

The  tests  were  almost  entirely  no-load  runs  at  full  speed  to 
observe  the  mechanical  action  of  the  revolving  part  under  these 
conditions.  Some  electrical  readings  were  taken  of  the  iron-loss 
and  friction  and  windage-loss.  For  the  iron-loss  readings,  for 
which  it  was  necessary  to  observe  the  induced  armature  voltage  a 
temporary  winding,  consisting  of  one  rubber-covered  cable  per  slot 
in  two-thirds  of  the  slots,  were  used.     On  account  of  the  enormous 
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5  500    K\V    TURBO-GENERATOR    SHOWINX,    OIL    RESERVOIR    AND    PIPES 


inertia  of  the  plant  it  was  very  difficult  to  get  readings  of  the  motor 
input  that  represented  the  actual  energy  in  the  plant.  \\'hen  the 
hne  voltage  fell  the  motor  could  not  decrease  its  speed  due  to  the 
inertia  of  the  revolving  field,  and  the  momentum  supplied  energy 
to  the  motor ;  and  when  the  line  voltage  rose  the  inertia  prevented 
the  speed  from  increasing,  imposing  an  additional  load  on  the 
motor.  The  electrical  readings  only  represented  the  power  required 
to  run  the  plant  when  the  line  voltage  was  held  practically  constant. 
This  Avas  accomplished  by  putting  a  booster  in  the  supply  circuit. 
One  of  the  miinor  objects  of  the  test  was  to  observe  the  noise  made 
by  the  generator.  Only  a  low  hum,  not  at  all  unpleasant,  was  made 
by  the  revolving  part.  No  difficulties  wefe  encountered  in  these 
tests  of  a  5  500  kw  unit  that  would  indicate  a  limit  in  the  develop- 
ment of  this  type. 


TRANSFORMER    OIL 

By  G.  E.  SKINNER 

THE  use  of  oil  as  an  insulating-  medium  dates  back  to  the 
early  days  of  electrical  work.  The  first  suggestion  of  the 
commercial  application  of  petroleum  oil  as  an  insulating 
medium  seems  to  be  due  to  Prof.  Hughes,  who  proposed  to  employ 
it  in  connection  with  the  insulation  of  submarine  cables  in  1858.  In 
the  early  cable  work  the  oil  was  used  to  saturate  the  fibrous  ma- 
terials separating  the  copper  from  the  sheath,  instead  of  forming 
the  total  insulation  as  suggested  by  Prof.  Hughes.  It  was  not, 
however,  until  the  beginning  of  the  last  decade,  when  long-distance 
transmission  of  power  began  to  assume  shape  and  the  use  of  oil 
for  insulating  purposes  became  general,  that  careful  investigation 
of  the  subject  became  necessary. 

Previous  to  1890  there  had  been  a  limited  use  of  oil  for  insu- 
lating transformers  and  induction  coils,  but  this  was  confined  to  a 
few  of  the  small  sizes  and  low  voltages  in  transformer  work.  In 
1891  the  Frankfort-Lauft'en  experiments  were  carried  on  and  oil- 
insulated  transformers  were  used,  these  transformers  being  wound 
for  a  line  e.m.f.  of  30000  volts.  It  is  interesting  to  note  also  that 
the  line  insulators  themselves  in  this  transmission  were  provided 
with  oil  cups,  the  object  of  the  oil  being  to  reduce  the  surface  leak- 
age over  the  insulator,  particularly  in  damp  weather.  This  type  of 
insulator  has  been  entirely  aloandoned  at  the  present  time. 

When  the  first  high-tension  plant  was  designed  by  the  West- 
inghouse  Company  in  1891  to  be  installed  at  Pomona.  California, 
the  writer  was  detailed  to  investigate  the  subject  of  the  suitability 
of  oil  as  an  insulating  medium  for  the  transformers.  A  very  few 
experiments  sufficed  to  show  that  mineral  oil  would  be  suitable, 
and,  on  account  of  its  cheapness,  the  investigation  was  confined  al- 
most entirely  to  mineral  oils,  and  the  oils  tested  were  largely  the  oils 
in  commercial  use  at  that  time  for  various  purposes.  Tests  were 
made  on  grades  varying  from  the  heaviest  cylinder  oils  to  the  light- 
est burning  oils.  The  final  selection  was  made  on  the  basis  <^f  the 
insulation  te-ts  and  nn  the  Hash  and  fire  tests.     l'niformit\'  of  in- 
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sulation  test  was  considered  of  more  importance  than  an  exceeding- 
ly high  test.  A  Mash  test  was  selected  which  would  be  sufficiently 
high  to  ]->revent  trouble  due  to  the  temperatures  reached  in  normal 
operation.  The  oil  selected  is  knonn  to  the  trade  as  Diamond 
paraffine  oil. 

Since  the  installation  of  the  above  plant,  much  has  been  added 
to  the  general  knowledge  of  the  subject  and  much  work  has  been 
done  by  the  manufacturers  of  oil  to  produce  a  brand  which  will  be 
best  suited  for  the  purpose.  As  before  stated,  mineral  oil  is  used 
almost  exclusively  for  this  work,  and  in  this  paper  mineral  oil 
only  will  be  considered. 

At  the  present  time  the  use  of  oil  for  the  higher-voltage  trans- 
formers is  considered  absolutely  essential,  and  a  very  large  pro- 
portion of  the  low-voltage  transformers  of  large  size  are  also  oil- 
insulated.  The  use  of  oil  for  small  house-to-house  transformers  is 
now  almost  the  universal  practice  in  this  country.  The  total  con- 
sunrption  of  oil  for  insulating  purposes  runs  into  the  hundreds  of 
thousands  of  gallons  per  year,  and  it  is  therefore  pertinent  to  discuss 
some  of  the  qualities  which  go  to  make  up  a  good  oil  and  to  outline 
some  of  the  tests  which  may  be  made  to  determine  whether  or  not 
any  given  oil  has  these  qualities. 

By  transformer  oil  is  meant  an  oil  in  which  the  transformer 
is  completely  immersed,  forming  a  homogeneous  insulation  for 
those  parts  of  the  transformer  which  are  not  otherwise  insulated, 
and  also  adding  to  the  insulation  of  such  materials  as  may  be  per- 
meated by  the  oil,  such  as  the  cotton  covering  of  the  wire  used. 
The  transformer  oil  also  forms  a  cooling  medium  whose  function 
'is  to  receive  the  heat  from  the  coils  and  core,  where  it 
is  generated,  and  carry  it  to  the  outer  and  cooler  parts  of  the  trans- 
former. Owing  to  the  fact  that  the  oil  expands  when  heated,  the 
hot  oil  rises  and  the  colder  oil  from  the  sides  of  the  containing  tank 
flows  in  to  take  its  place,  thus  setting  up  a  circulation  of  the  oil 
which  continually  cools  the  transformer. 

INSULATION 

All  oils — mineral,  vegetable  and  animal — when  pure,  so  far  as 
the  writer  has  been  able  tO  test  them,  are  very  good  insulators. 
There  is  a  wide  difference  in  the  insulating  qualities  of  various 
mineral  oils,  but  this  difiference  seems  to  be  more  an  index;  of  the 
purity  of  the  oi.l  than  an  inherent  dififerencc  due  to  variations  in 
the   chemical   composition   of   the   oil   itself.     By   purity,    is   meant 
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freedom  from  acid,  alkali,  water  or  foreign  matter  of  any  kind.  The 
method  nsually  employed  in  determining  the  insulating  value  of  an 
oil  is  to  test  its  dielectric  strength.  Satisfactory  insulation  resist- 
ance measurements  are  difficult  to  make,  and  while  showing  some- 
thing of  the  quality  of  the  oil,  are  not  of  as  much  value  as  dielectric 
tests.  As  the  actual  values  of  the  dielectric  strength  obtained  vary 
greatly  with  the  testing  conditions,  it  is  best  to  use  a  standard  meth- 
od and  always  follow  this  out  carefully.  Satisfactory  comparative 
values  may  then  be  obtained  and  the  general  insulating  value  de- 
termined with  sufficient  exactness  for  all  practical  purposes. 

The  usual  method  of  testing  consists  in  immersing  a  spark- 
gap  in  the  oil,  the  gap  being  set  at  a  known  distance,  and  gradually 
raising  the  potential  until  rupture  occurs.  In  making  such  tests  the 
following  points  should  be  observed : 

The  spark-gap  terminals  should  always  be  of  the  same  shape 
and  nicely  polished,  especially  if  the  gap  is  quite  small.  Slight 
roughness  or  points  on  the  testing  terminals  will  change  the  ap- 
parent dielectric  strength  of  the  oil. 

The  gap  should  always  be  at  the  same  depth  in  the  oil.  A 
variation  in  depth,  consequently  a  variation  of  the  pressure,  will 
cause  a  variation  in  the  tests.  The  apparent  insulating  strength 
increases  with  the  pressure. 

The  testing  voltage  should  always  be  applied  in  the  same  man- 
ner. It  is  preferable  to  fix  the  gap  and  apply  an  increasing  voltage 
until  breakdown  occurs  ;  or  a  constant  voltage  may  be  applied  and 
the  gap  gradually  shortened  until  the  distance  becomes  such  that 
rupture  occurs.  In  the  former  method  the  voltage  may  be  very 
gradually  increased,  as  may  be  done  by  controlling  the  field  of  the 
generator,  or  it  may  be  applied  in  steps,  either  with  or  without 
opening  the  circuit  between  steps ;  but  for  comparative  purposes  one 
method  only  should  be  used. 

The  time  of  application  of  the  voltage  should  be  as  nearly  as 
possible  the  same,  especially  the  time  consumed  after  the  voltage 
reachesf'  say  50  per  cent,  of  the  dielectric  strength.  A  longer  time 
will  give  lower  results,  especially  if  the  oil  contains  impurities  which 
may  "line  up"  betv»-een  the  testing  terminals. 

It  is  a  good  plan  to  make  more  than  one  test  on  each  samjile 
of  oil,  as  the  test  value  fre(|uently  increases  with  the  first  few  tests, 
especially  if  the  oil  is  well  shaken  after  each  test,  so  as  to  thorough- 
Iv  mix  with  the  riil  the  carbon  formed  bv  the  arc  and  not  allow  it 
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to  concentrate  between  the  testing  terminals.  When  so  shaken  it 
must  be  allowed  to  stand  until  free  froiu  air  bubbles  before  another 
test  is  made.  This  increase  in  dielectric  strength  seenis  to  be  due 
to  the  drying-  effect  or  to  the  burning  out  of  impurities  in  the  oil. 
The  best  oils  do  not  usually  show  luuch  increase  with  repeated 
tests.  When  the  oil  becomes  very  black  and  dirty  from  repeated 
tests,  the  dielectric  strength  drops  rapidly. 

The  amount  of  oil  used  for  each  test  should  be  the  same  in 
cverv  case,  especially  if  more  than  one  break  is  made  in  each 
sample.  It  is  obvious  that  the  carbon  formed  by  the  burning  of 
the  oil  will  be  disseminated  through  the  oil  and  that  the  results  will 
depend  in  some  measure  on  the  amount  per  cubic  inch  of  oil.  It 
follows  from  the  above  that  if  more  than  one  test  is  to  be  made  on 
a  given  sample,  the  amount  of  energy  expended  by  the  arc  formed, 
due  to  rupture  of  the  oil,  should  be  the  same,  as  nearly  as  possible, 
for  each  break.  It  is  best  to  limit  this  to  a  comparatively  small 
amount  by  a  fuse  or  circuit-breaker  in  the  primary  of  the  testing- 
transformer,  arranged  to  open  the  circuit  on  a  comparatively  small 
current. 

The  frequency  and  the  e.m.f.  wave-form  of  the  testing  circuit 
should  be  kept  the  same  in  the  successive  tests.  It  was  pointed  out 
some  years  ago  that  oil  is  not  as  good  an  insulator  for  low  as  for 
high  frequencies.  There  is,  however,  little  variation  for  com- 
mercial frequencies.  It  is  well  known  that  a  pointed  or  saw-tooth 
e.m.f.  wave  will  break  down  insulation  of  all  kinds  more  readily 
than  a  fiat,  smooth  wave  of  the  same  square-root-of-mean-square 
e.m.f.  The  use  of  a  resistance  for  varying  the  testing  voltage  is, 
therefore,  very  objectionable. 

All  vessels  and  apparatus  used  must  be  kept  perfectly  clean. 
A  single  fibre  in  the  oil  may  reduce  the  insulation  strength  greatly 
if  it  happens  to  "line  up"  between  the  terminals.  A  small  amount 
of  moisture,  as  will  be  shown  later,  is  particularly  objectionable  on 
account  of  the  very  great  reduction  which  it  may  make  in  the  in- 
sulating value  of  the  oil. 

It  is  best  to  allow  the  oil  to  stand  a  short  time  after  pouring 
into  the  testing  vessel,  as  the  bubbles  of  air  which  are  carried  with 
the  oil  in  pouring  in,  or  due  to  the  oil  being  agitated,  will  unver  the 
apparent  dielectric  strength. 

Insulation  Test  Apparatus — As  a  convenient  method  of  testing, 
the  author  has  devised  a  testing  cup,  which  is  shown  in  the  accom- 
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panxiiii;'  illustration.  Vig.  i.  This  consists  of  a  200  c.c.  graduated 
glass  cylinder  lij  inches  inside  diameter,  with  a  hole  drilled  through 
the  bottom,  through  which  the  lower  terminal  is  inserted.  The 
testing  terminals  consist  of  ^  inch  diameter  brass  balls  fastened  to 
3/16  inch  rods.  The  upper  rod  passes  through  a  clamp,  which  is 
connected  to  a  micrometer  screw  actuated  bv  a  milled  head.     The 


FIG.    I — OIL-TESTING   CUP 


lower  terminal  should  fit  in  a  socket  so  that  it  may  be  readily  re- 
moved for  cleaning.  The  bottom  of  the  cup  is  made  oil  tight  by 
the  use  of  gaskets  where  the  lower  rod  passes  through  the  cup. 
An  extension  of  the  lower  rod  comes  in  contact  with  a  spring  set 
in  the  base  of  the  stand  to  which  the  line  terminal  is  connected  by 
means  of  a  convertient  binding  post.  Stops  are  provided  so  that 
the  oil  vessel  may  always  be  placed  in  the  same  position.  The  upper 
rod  may  slide  up  and  down  easily  when  the  clamping  screw  is  free, 
or  may  be  engaged  with  the  micrometer  screw  at  any  point  for  ad- 
justing the  gap.  All  parts  are  therefore  readily  accessible  for 
cleaning,  and  the  /cro  point  of  the  gap  may  be  quickly  adjusted  for 
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each  test  bv  allowing  the  upper  rod  to  slide  down,  so  that  the 
terminals  are  in  contact,  and  then  clamping  to  the  micrometer 
screw.  The  apparatus  is  always  filled  to  the  200  c.c.  mark  (re- 
quiring a  little  less  than  200  c.c.  of  oil  for  each  test).  The  gap  is 
adjusted  to  any  convenient  amount,  usually  0.15  inches  and  the 
e.m.f.  is  raised  gradually  until  breakdown  occurs.  After  trying 
numerous  forms  of  testing  apparatus  for  this  purpose,  this  method 
has  been  adopted  as  the  most  convenient,  and  it  has  the  advantage 
of  requiring  a  comparatively  small  amount  of  oil  for  each  test. 

FLASH   AND  FIRE  TEST 

By  "flash  test"  is  meant  the  temperature  to  which  the  oil  must 
be  heated  in  order  to  give  oflf  gases  which  burn  wdien  ignited  and 
which  form  explosive  mixtures  with  the  surrounding  air.  By  "fire 
test"  is  meant  the  temperature  to  which  the  oil  must  be  heated  so 
that  the  oil  itself  will  take  fire  and  continue  burning  when  a  flame 
is  applied  to  its  surface.  The  general  method  of  determining  the 
flash  and  fire  test  of  an  oil  is  to  heat  the  oil  gradually,  applying  a 
test  flame  at  intervals  and  noting  the  temperature  at  which  a  slight 
flash  occurs  on  the  surface  when  the  testing  flame  is  applied,  and 
the  temperature  at  which  the  gases  take  fire  and  continue  burning. 

There  are  various  types  of  apparatus  on  the  market  for  making- 
flash  and  fire  tests.  These  may  be  divided  in  general  into  two 
classes — the  open  cup  method  and  the  closed  cup  method.  For 
oils  having  a  flashing  point  as  high  as  ordinary  transformer  oil,  the 
open  cup  method  is  preferable.  The  results  reached  by  any  method 
will  depend  largely  on  the  taking  of  various  precautions,  which 
have  been  summarized  by  Gill  in  his  "Handbook  of  Oil  Analysis" 
as  follows : 

1.  The  Rate  of  Heating — The  faster  the  oil  is  heated  the 
lower  will  be  the  flash  point,  as  more  vapor  is  driven  out. 

2.  Sise  and  Depth  of  Cup — From  a  large  and  shallow  cup 
the  liquid  evaporates  faster ;  hence  the  lower  will  be  the  flash  point. 
The  most  constant  results  are  obtained  from  a  deep  cup  about  half 
filled. 

3.  Quantity  of  Oil — The  larger  the  amount  of  oil  the  more 
vapor  will  be  driven  out;  hence  the  lower  will  be  the  flash  point. 

4.  Distance  of  Testing  Flame — The  nearer,  or — what  amounts 
to  the  same  thing — the  larger  the  testing  flame  the  lower  will  be 
the  flash  point.     A  large  flame  may  produce  local  super-heating. 
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5.  Point  of  Application  of  Testing  Flame — The  flame  should 
be  applied  at  the  edge,  as  the  mixture  of  air  and  vapor  is  more 
complete ;  this  is  best  effected  by  drawing  the  flame  diametrically 
across  the  toj)  of  the  cup.  Dr.  Dudley  cites  an  instance  in  which 
the  flash  point  obtained  was  considerably  too  high,  owing  to  the 
fact  that  the  testing  flame  was  first  applied  in  the  centre  of  the  cup. 

6.  The  Thcnnouieters  used  should  be  frequently  compared 
with  a  standard  instrument. 

7.  Draughts  should  be  carefully  avoided. 

Two  general  methods  of  heating  the  oil  may  be  employed.  In 
the  first  the  oil  is  placed  in  a  vessel  which  is  immersed  in  a  second 
vessel  filled  with  a  very  heavy  oil  which  transmits  the  heat  to  the 
oil  to  be  tested.  In  the  second  method  the  heating  flame  is  applied 
directly  to  the  cup  or  to  a  sand  bath  on  which  the  cup  rests,  the 
testing  cup  being  protected  from  draughts.  Both  methods  have 
their  adherents,  although  the  second  one  seems  to  be  used  more  ex- 
tensively for  the  high  flash  test  oils.  The  author  has  found  the 
New  York  State  Board  of  Health  Tester,  used  with  cover  removed, 
very  satisfactory.  This  testor  is  of  the  first  class,  using  a  Ijath  in 
which  the  testing  cup  proper  is  placed. 

The  following  is  quoted  from  a  specification  for  transformer 

oil: 

''Flash  and  Fire  Tests — In  making  flash  and  fire  tests  the  New 
"^'ork  Slate  Board  of  Health  Tester  will  be  used,  lAtJi  cover  re- 
iiioz'cd.  The  upper  cup  will  be  filled  to  within  one-fourth  of  an 
inch  of  the  flange  joining  the  cup  and  vapor  chamber.  The  rate  of 
heating  will  be  approximately  8°  C.  ( 14.4°  F.)  per  minute,  and  the 
test  flame,  consisting  of  a  gas  jet  approximately  ^  inch  in  length, 
will  be  passed  slowly  across  a  diameter  of  the  cup  ^  inch  above  the 
surface  of  the  oil  every  4°  C.  (7.2°  F.),  beginning  at  150°  C.  (302° 
F.).  The  lower  cup  will  be  filled  with  a  very  heavy  oil,  and  cold  oil 
will  be  placed  in  the  lower  cup  at  the  beginning  of  each  test." 

EVAPORATIOX 

Mineral  oils  begin  to  evaporate  slightly  at  a  temperature  some- 
what below  their  flashing  point  and  the  evaporation  is  quite  rapid 
at  the  flashing  point  and  above.  It  is  therefore  essential  that  a 
transformer  oil  have  a  flash  test  sufficiently  high  so  that  evaporation 
will  not  take  place  at  the  ordinary  running  temperatures  of  the 
transformer.     The  evaporation   test,   if  made  at  a  temp,erature  ap- 
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proxiniatelv  ioo°  C,  will  also  drive  off  any  moislure  which  uiay  be 
present  in  the  oil.  In  the  case  of  high  flash  test  oils,  the  evaporation 
test  at  100°  C.  may  therefore  show  approximately  the  anioimt  of 
moisture  present  in  the  oil.  The  evaporation  test  is  not  so  necessary 
as  the  insulation  and  flash  tests,  but  such  test  should  be  made  oc- 
casionally on  oil  which  is  used  for  transformer  work.  A  convenient 
method  of  making-  the  test  is  to  place  a  small  amount  of  oil,  usually 
approximatelv  2  grammes,  in  a  small  porcelain  crucible  and  hear 
this  over  a  water  bath  at  a  temperature  of  approximately  100"  C. 
for  10  or  12  hours,  then  determine  the  percentage  evaporation  by 
loss  in  weight. 

MOISTURE 

The  deteriorating  effect  of  moisture  on  the  insulating  ([uality 
of  an  oil  is  very  marked.  As  there  are  a  great  many  ways  in  which 
the  oil  mav  take  up  moisture  or  moisture  be  introduced  into  the  oil, 
tests  for  moisture  become  very  important.  A  very  easy  and  satis- 
factory method  of  making  test  for  moisture  has  been  suggested  to 
the  author  by  a  prominent  oil  chemist.  This  test  consists  in  placing 
a  small  amount  of  oil  in  a  cup,  into  which  is  plunged  a  piece  of 
iron  or  other  metal  which  is  heated  to  a  temperature  just  below 
a  dull  red  heat.  Any  hissing  or  crackling  noise  indicates  the  pres- 
ence of  moisture.  Another  method  of  testing  for  moisture  is  to 
place  a  small  amount  of  anhydrous  copper  sulphate  in  a  test  tube 
and  then  fill  the  tube  with  the  oil  to  be  tested.  After  thoroughly 
shaking,  a  bluish  tinge  in  the  copper  sulphate  will  indicate  the  pres- 
ence of  moisture  in  the  oil. 

It  is  difficult  to  determine  the  exact  amount  of  moisture  in  oil 
when  this  amount  is  small,  and  this  is  usually  not  necessary  as  it  is 
sufficient  to  know  qualitatively  whether  or  not  moisture  is  present. 
In  making  test  for  the  effect  of  different  percentages  of  moisture  in 
the  oil  it  was  found  necessary  to  thoroughly  dry  the  oil  then  intro- 
duce moisture  in  the  form  of  water  in  minute  quantities  in  a  closed 
vessel  and  very  thoroughly  agitate  the  oil  so  as  to  disseminate  the 
water  through  it.  This  method  is  not  considered  entirely  reliable. 
but  for  testing  purposes  gave  results  so  striking  that  a  curve  is  given 
herewith,  showing  some  of  the  results  obtained.  It  is  considered 
that  the  form  of  the  curve  is  correct  but  it  may  be  that  the  percent- 
age amount  of  moisture  present  between  the  testing  terminals  is 
not  entirely  accurate.  Check  tests,  however,  gave  very  close  re- 
sults.    It  will  be  seen  from  this  curve.  Fig.  2,  that  moistiu-e  intro- 
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duced  into  the  oil  to  the  amount  of  0.06':/  reduced  the  dielectric 
strength  of  the  oil  to  about  50^^  of  the  original  value  when  it  was 
known  to  be   free    from   moisture,    and   that   there    was   verv    little 
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FIG.    2 — CURVE    SHOWING   EFFECT    OF    WATER   IN    OIL 
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further   decrease   in   the   dielectric   strength   due   to   increasing  the 
amount  of  moisture  introduced  in  the  form  of  water. 


VISCOSITY 

The  viscosity  of  an  oil  has  been  defined  as  the  degree  of  its 
fluidity,  or  its  internal  friction.  The  viscosity  is  not  a  function  of 
the  specific  gravity,  but  in  general  the  less  the  specific  gravity  the 
greater  the  fluidity  of  the  oil.  The  viscosity  of  transformer  oil, 
within  limits,  is  not  of  very  great  importance,  although  in  general 
the  more  fluid  the  oil  the  more  rapid  will  be  the  circulation  of  the 
oil  in  the  transformer  tank  and  consequently  the  greater  the  cooling 
effect.  The  viscosity  seems  to  bear  no  relation  whatever  to  the  in- 
sulation tests,  the  lighter  oils — such  as  kerosene — showing  as  high, 
or  higher  insulation  tests  than  the  very  heavy  oils.  Tests  for 
viscosity  require  special  apparatus  and  special  care  in  testing,  and 
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such  tests  arc  not  usually  considered  necessary  in  connection  with 
transformer  oil.  Directions  for  making  such  tests  may  be  found 
in  an\-  text  on  lubricating  oils. 

COLD  TEST 

The  "cold  test"  of  an  oil  is  the  temperature  at  which  the  oil 
will  iust  flow.  In  ordinary  transformer  work  this  is  of  no  impcn'- 
tance  whatever.  It  may  be  of  importance  to  determine  the  cold  test 
where  the  oil  is  to  be  used  for  oil-switch  work,  the  switches  being 
exposed  to  very  severe  cold.  The  cold  test  then  becomes  important, 
as  the  switch  may  not  operate  when  the  temperature  is  much  below 
the  cold  test  of  the  oil  and  the  oil  consequently  in  a  solidified  state. 
Cold  test  may  be  made  by  placing  a  test  tube,  partly  filled  with  the 
oil.  in  a  freezing  mixture  and  noting  the  temperature  at  which  the 
oil  ceases  to  flow  when  the  test  tube  is  turned  upon  its  side. 

COLOR 

For  convenience  in  handling,  it  is  desirable  that  a  transformer 
oil  be  water-white  in  color,  but  this  is  not  at  all  necessary,  and  as 
the  production  of  a  water-white  oil  usually  means  chemical  treat- 
ment, it  is  best  to  use  a  darker  oil  rather  than  to  risk  any  chance 
of  having  traces  of  chemicals  in  the  oil.  jMost  oils  get  darker  with 
continued  use.  The  quality  of  the  oil  from  an  insulation  standpoint 
does  not  apparently  suffer  any  change  whatever  due  to  darkening 
under  the  inMuence  of  temperature. 

SULPHUR   COMPCfUNDS 

The  action  of  snljihur  on  the  insulation  of  transfm-mer  oil, 
wh.ile  not  yet  thoroughly  investigated,  has  shown  in  the  few  tests 
which  the  author  has  carried  out,  to  be  very  detrimental,  and  it  is 
therefore  considered  best  to  eliminate  sulphur  compounds  from  the 
transformer  oil.  Western  oil  is  particularly  liable  to  contain  sulphur 
compounds,  and  is  therefore  liable  to  give  trouble  from  this  cause. 
In  some  tests  carried  out  some  time  ago  the  insulation  resistance  of 
a  model  transformer,  after  remaining  at  a  very  high  value  at  high 
temperatures  for  nearly  a  year,  was  lowered  to  the  danger  point  in 
a  few  days  by  the  introduction  of  a  small  amount  of  sulphur  into  the 
oil. 


TRAXS FORMER  OIL 


DEPOSIT 


In  actual  service  it  sometimes  occurs  that  a  brownish  or  black 
deposit  is  formed  in  the  oil.  Careful  experiments  have  shown  that 
this  deposit  is  a  phenomena  of  temperature  alone.  This  deposit  is 
formed  from  the  oil  and  from  the  insulatint:;-  materials  in  the  way 
of  varnishes,  etc.,  which  are  used  in  the  solid  insulation  of  the  trans- 
former. The  deposit  itself  is  a  good  insulator,  and  the  only  harm 
done  by  such  a  deposit  is  to  impede  the  cooling  of  the  transformer 
by  lodging  in  the  ventilating  spaces  and  on  the  cooling  coils  of  a 
water-cooled  transformer.  In  very  high-tension  transformers  there 
is  also  a  tendency  for  this  deposit,  when  it  does  occur,  to  line  up  at 
points  where  the  stress  is  greatest.  Such  deposit  does  not  neces- 
saril}-  mean  a  deterioration  in  the  insulation  of  the  oil  or  of  the 
transformer,  and  occasional  cleaning  of  the  parts  on  which  the  de- 
posit occurs  is  all  that  is  necessary  to  keep  the  transformer  in  good 
condition.  Where  the  transformer  tops  are  partly  open  the  deposit 
will  contain  dust  and  dirt  which  naturally  get  into  the  transformer 
case. 

SPECIFICATIONS 

In  the  foregoing  the  writer  has  endeavored  to  give  some  of  the 
qualities  necessary  in  a  transformer  oil  and  to  describe  some  of  the 
tests  which  will  show  whether  or  not  the  oil  fulfills  these  conditions. 
In  the  following  will  be  found  a  brief  specification  for  a  transformer 
oil,  giving  more  in  detail  the  exact  requirements  which  llie  oil 
should  fulfill: 

( 1 )  The  oil  should  be  a  pure  mineraJ  oil  obtained  by  frac- 
tional distillation  of  petroleum  unmixed  with  any  other  substances 
and  without  subsequent  chemcal  treatment. 

(2)  The  flash  test  of  the  oil  should  not  be  less  than  180°  C. 
(356°  F.)  and  the  burning  test  should  not  be  less  than  200°  C. 
(392°  F.). 

(^3)  The  oil  must  not  contain  moistin-e,  acid,  alkali,  or  siil]:)hur 
compounds. 

(4)  The  oil  should  not  show  an  evaporation  of  more  than  0.2'^ 
when  heated  at  100°  C.  for  eight  hours. 

(5)  It  is  desirable  that  the  oil  be  as  fluid  as  possible  and  that 
the  color  be  as  light  as  can  be  obtained  in  an  untreated  oil. 

The  method  of  making  tests  to  determine  the  above  qualities 
sliould  be  distinctly  specified  so  that  there  can  be  no  misunderstand- 
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ino-  on  account  of  results  being  obtained  by  different  mtehods  of  test. 

The  specification  for  fiash  test  given  above  is  intended  to  be 
low  enough  so  that  there  will  be  some  leeway  to  allow  for  slight 
variations  in  the  oil  and  for  variations  obtained  by  different  ob- 
servers. It  is  expected  that  an  oil  to  fulfill  this  specification  will 
run  something  higher  than  i8o°  flash  test. 

In  addition  to  the  specification,  the  user  should  have  the  assur- 
ance that  the  oil  is  carefully  made,  that  all  containing  vessels  are 
clean  and  free  from  moisture,  and  that  systematic  tests  are  made  on 
the  finished  material  to  see  that  it  fulfills  the  conditions  specified. 
He  should  also  take  the  necessary  precautions  to  see  that  no  moist- 
ure is  allowed  to  get  into  the  oil  after  it  is  received  by  him.  When 
oil  is  stored  in  barrels,  the  barrels  should  be  kept  under  cover  and 
water  should  not  be  allowed  to  stand  on  the  heads,  as  it  will  often 
find  its  way  through  into  the  oil.  Transformer  and  transformer 
tanks  should  be  thoroughly  dry  before  the  oil  is  put  in.  In  water- 
cooled  transformers  the  cooling  coils  should  be  perfectly  tight,  and 
the  end  of  the  cooling  coils  where  the  water  enters  should  be  lagged 
so  as  to  prevent  condensation  of  moisture  due  to  this  part  of  the 
coil  being  colder  than  the  surrounding  air. 

In  the  specification  given  above  no  insulation  test  is  specified, 
for  the  reason  that  oil  manufacturers  at  the  present  time  are  not 
equipped  to  make  such  tests,  and  the  writer  believes  that  as  a  funda- 
mental principle  specifications  for  materials  should  not  impose  re- 
quirements which  both  the  producer  and  the  user  cannot  check.  It 
is  suggested,  however,  that  in  making  up  specifications  for  trans- 
former oil  a  clause  be  inserted  stating  that  insulation  tests  will  be 
made  and  that  if  these  fall  below  normal  the  specification  proper 
will  be  rigidly  enforced. 

It  is  to  be  hoped  that  manufacturers  of  all  kinds  of  insulation 
will  avail  themselves  of  the  apparatus  which  has  been  devised  for 
making  insulation  tests,  as  the  information  gainecf  is  always  of  great 
value  to  the  manufacturer  and  to  the  user  of  the  material.  This  in- 
formation frequently  leads  to  an  improved  product,  and  certainly 
to  a  better  understanding  of  the  conditions  under  which  such  ma- 
terials are  to  be  used. 

When  a  good  oil  has  been  obtained  from  the  manufacturer  and 
the  necessary  precautions  have  been  taken  to  insure  that  it  is  kept 
cleai][  and  free  from  moisture,  it  forms  one  of  the  most  satisfactory 
insulating  mediums  known. 
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The  Exhibition  of  ^Iicroscopic  Views — Specimens  of  metal 
circ  usually  prepared  lor  microscopic  examination  as  follows :  The 
sample  i^enerally  a  cube  one-half  an  inch  on  the  side  or  a  cylinder 
one-half  inch  in  diameter  and  one-half  inch  long,  is  filed  or  turned 
smooth  and  one  face  is  ground  with  moist  emery  on  a  wooden  wheel. 
This  face  is  then  polished  perfectly,  first  with  infusorial  earth  and 
finally  with  rouge.  The  surface  is  then  etched  .with  iodine,  am- 
monium nitrate  or  nitric  acid.  The  color  differs  considerably  with 
the  substance  used  in  etching  and  for  specimens  that  are  to  be  com- 
pared it  is  desirable  to  use  the  same  etching  agent.  After  careful 
washing  and  drying  the  sample  is  mounted  under  a  microscope  to 
which  a  camera  is  attached  and  a  photograph  of  the  microscopic  ap- 
pearance is  taken.  These  photographs  may  be  filed  for  reference 
and  from  them  lantern  slides  may  be  prepared  which  may  be  used 
to  exhibit  the  appearance  to  a  large  number  of  people  at  once. 

]\Tr.  Kendall,  formerly  of  the  Electrical  Engineering  ofhce.  and 
Mr.  L}"nch,  Inspector  of  ^Materials  of  the  Westinghouse  Electric  & 
[Manufacturing  Company,  have  devised  a  scheme  for  exhibiting  the 
appearance  directly  from  the  specimen,  thus  avoiding  the  necessity 
for  preparing  slides. 

The  sample,  prepared  in  the  usual  manner,  is  mounted  on  a 
convenient  backing  in  the  path  of  the  beam  from  the  lantern,  but 
at  a  certain  angle  thereto.  The  beam  is  reflected  from  the  polished 
and  etched  surface  and,  passing  through  the  lenses,  a  magnified 
image  of  the  appearance  of  the  etched  surface  is  focusscd  on  the 
screen. 

This  method  of  exhibition  was  employed  very  successfully  by 
Mr.  Kendall  in  a  lecture  before  the  [Materials  Section  of  the  Electric 
Club,  January  14,  1904. 


FACTORY   TESTING   OF    ELECTRICAL 
MACHINERY— IV 

By  R.  E.  WORKMAN 

Regulation  of  Gexerators — The  standardization  Committee 
of  the  American  Institute  of  Electrical  Engineers  defines  regulation 
as  follows : 

Regulation  in  generators  "intended  for  the  generation  of  con- 
stant potential,  constant  current,  constant  speed,  etc.,  is  the  maxi- 
mum variation  of  potential,  current,  speed,  etc.,  occurring  within 
the  range  from  full  load  to  no  load  under  such  constant  conditions 
of  operation  as  give  the  required  full-load  values,  the  condition  of 
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FIG.    l8 — RUNNING  TEST  TABLE  USED  FOR  M.\CHINES  UP  TO  ABOUT   ICO  K\V 

full  load  being  considered  in  all  cases  as  the  normal  condition  of 
operation,"  and  deviation  from  this  being  measured  as  a  percentage. 

"The  reguation  of  an  apparatus  intended  for  the  generation  of 
a  potential,  current,  speed,  etc.,  varying  in  a  definite  manner  be- 
tween full-load  and  no-load,  is  to  be  measured  by  the  maximum 
variation  of  potential,  current,  speed,  etc.,  from  the  satisfied  condi- 
tions under  such  constant  conditions  of  operation  as  give  the  re- 
quired full-load  values."' 

"Where  the  manner  in  which  the  variation  in  potential,  cur- 
rent, speed,  etc..  between  full-load  and  no-load  is  not  specified,  it 
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should  be  assumed  to  be  a  simple  linear  relation  ;  i.  e.,  undergoing 
uniform  variation  between  full-load  and  no-load." 

''The  regulation  of  an  apparatus  may,  therefore,  differ  accord- 
ing to  its  qualifications  for  use.  Thus,  the  regulation  of  a  com- 
pound-wound generator  specified  as  a  constant  potential  generator 
will  be  different  from  that  which  it  possesses  as  an  over-compound- 
ed p-enerator." 
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FIG.    19 — POWER  BOARD  USED  IN   CONNECTION   WITH   TEST  TABLE   SHOWN   IN   FIG.    l8 

In  the  case  of  a  shunt-wound  generator  the  constant  conditions 
under  which  the  test  is  made  are : 

Constant  speed. 

Constant  resistance  in  shunt  circuit. 

Constant  temperature  of  50°  C  in  the  various  windings  of  the 
machine. 

In  the  case  of  a  compound  machine,  there  is  the  additional  con- 
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dition,  where  there  is  a  shunt  to  the  series  windings,  that  the  re- 
sistance of  this  shunt  be  held  the  same  throughout  the  test. 

The  drop  in  voltage  in  a  shunt-wound  generator  with  constant 
resistance  in  its  shunt  circuit  is  due  to  the  resistance  in  the  arma- 
ture and  the  magnetizing  efifect  of  the  armature  upon  the  field,  and 
also  to  the  cumulative  effect  of  a  drop  in  voltage,  in  reducing  the 
current  in  the  shunt-field  winding. 

The  drop  in  voltage  due  to  the  armature  resistance  is  the  pro- 
duct of  the  armature  resistance  from  brush  to  brush  and  the  total 
armature  current.  The  effect  of  the  magneto-motive  force  due  to 
the  currents  in  the  armature  windings  is  shown  in  Figs.  20  and  21. 


ARMATURE    REACTION 


Fig  20  represents  diagrammatically  a  two-pole  generator  run- 
ning with  its  brushes  on  no-load  neutral  with  a  very  small  current 
flowing.  The  bars  in  which  the  current  is  flowing  from  the  reader 
are  marked  with  a  cross,  and  those  in  which  the  current  is  flowing 
toward  the  reader  are  marked  with  a  dot.  The  current  is  supposed 
to  be  so  small  that  the  magnetizing  force  of  the  turns  on  the  arma- 
ture is  negligible  in  comparison  with  that  of  the  field  turns.  Now  let 
the  generator  current  be  raised  so  that  the  magnetizing  force  of  the 
armature  turns  is  comparable  with  that  of  the  field.  It  will  be  ob- 
served that  this  magnetizing  force  is  directed  in  a  line  at  right 
angles  to  that  of  the  field  magnetizing  force.  In  the  vector  diagram 
at  the  foot  of  Fig  20,  O  A  represents  the  field  magnetizing  force  and 
O  D  that  of  the  armature.     The  resultant,   O  E  will  be  found  by 
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completing  the  parallelogram.  It  will  be  seen  that  the  direction  of 
this  resultant  will  not  be  in  line  with  that  of  the  axis  of  the  field, 
and  therefore  that  the  neutral  position  for  the  brushes  will  no 
longer  be  that  shown  in  Fig.  20,  but  will  be  more  nearly  that  shown 
in  Fig.  21.  It  will  be  seen  by  reference  to  the  vector  diagram  at 
the  foQt  of  Fig.  21  that  the  armature  magnetizing  force  is  no  longer 
at  right  angles  to  that  of  the  field,  but  is  in  the  direction  of  a  line 
joining  the  brushes,  OD,  in  Fig.  21.  OE,  found  by  completing 
the  parallelogram,  represents  the  resultant  magnetizing  force.  The 
armature  magnetizing  force  may  be  divided  into  two  components, 
one  O  G  in  the  line  of  the  magnetizing  force  of  the  field,  but  op- 
posed to  it  in  direction,  and  one  0  F  at  right  angles  to  it,  as  shown 
in  Fig.  21.  The  former  quantity,  0  G,  is  called  the  back  magnetiz- 
ing force  of  the  armature  because  it  opposes  the  magnetizing 
force  of  the  field.  It  is  due  to  the  current  in  the  bars  included 
by  twice  the  angle  of  lead  of  the  brushes,  and  thus  does  not  exist 
until  the  brushes  are  moved  forward.  The  latter  quantity,  O  F,  is 
called  the  cross  magnetizing  force  of  the  armature,  because  its 
efi'ect  is  at  right  angles  to  that  of  the  field.  It  is  evidently  diminish- 
ed by  moving  the  brushes  forward.  The  effect  of  the  back  magnet- 
izing force  is  to  weaken  the  field  and  thus  decrease  the  voltage. 

There  are  two  methods  of  compensating  for  this  drop  in  volt- 
age : 

(a)  by  hand  regulation  of  a  shunt-wound  generator  with  the 
aid  of  a  variable  resistance  in  its  field. 

(b)  by  compounding  turns  on  the  magnets  in  series  with  the 
armature  which  add  to  the  magnetizing  force  as  the  load  increases. 

In  the  case  of  a  compound-wound  machine  compounding  may 
be  either  for  constant  potential  or  for  a  rise  in  potential  with  an  in- 
crease in  load.  Over-compounding  is  used  to  compensate  for  drop 
in  potential  in  long  lines  and  for  drop  in  speed  of  the  steam  engine, 
or  other  prime  mover,  which  drives  the  generator. 

The  regulation  tests  usually  made  are  such  as  to  determine, 
not  only  the  regulation  of  the  machine  from  full-load  to  no-load, 
but  a  curve  showing  the  regulation  of  the  machine  from  any  desired 
load  to  no-load.  In  the  case  of  shunt-wound  generators  a  regula- 
tion curve  is  taken  in  which  the  shunt-field  current  is  increased  with 
the  load  so  as  to  hold  the  voltage  constant.  This  is  really  a  "field- 
current  regulation"  with  constant  terminal  voltage  and  speed,  but 
is   convenient!}-   called   a  constant  potential   regulation,   alllnuigh   it 
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does  not  comply  with  the  definition  of  a  regulation  g-iven  by  the 
Committee  on  Standardization. 

From  the  foregoing  it  will  be  seen  that  a  regulation  test  has 
to  be  made  with  load  on  the  generator,  running  under  working  con- 
ditions. There  are  two  methods  of  loading  machines,  depending 
]irincipally  upon  their  size. 

(a)  On  Resistance  Load,  such  as  coils  of  iron  wire,  banks  of 
lamps,  or  water  rheostats.  In  this  method  the  power  required  to 
drive  the  machine  will  necessarily  be  greater  than  its  full  load  out- 
put, ar.d  it  is  thus  a  very  expensive  matter  to  test  a  large  machine 
in  this  way.  In  consequence  of  this  the  second  method  of  loading 
h.as  been  devised. 

(b)  Loading  Back  Method — In  this  case  two  similar  gener- 
ators driven  by  a  small  motor  and  connected  in  parallel,  are  so  ad- 
justed that  the  machine  to  be  tested  generates  a  slightly  greater 
e.m.f.  than  the  other,  and  a  current  circulating  through  both  arma- 
tures in  succession  is  the  result.  It  is  evident  that  the  machine 
generating  the  lower  e.m.f.  and  consequently  having  current  forced 
through  it  will  act  as  a  motor  and  produce  a  torque  in  the  direction 
of  rotation,  w^hich,  when  the  current  is  large,  will  attain  a  high 
value.  At  the  same  time  the  machine  generating  the  high 
e.m.f.  will  be  running  as  a  generator,  and  the  current  will 
produce  a  torque  tending  to  stop  it ;  this  torque  will  have  to  be 
overcome  by  the  joint  action  of  the  machine  generating  the  lower 
e.m.f.  and  the  driving  motor.  A  little  thought  wall  make  it  evident 
to  the  reader  that  the  power  supplied  by  the  driving  motor  is  simply 
that  required  to  overcome  the  loss  in  both  machines.  In  this  manner 
very  large  machines  may  be  economically  tested  under  conditions 
very  closely  approximating  those  of  actual  service.  It  is  often  nec- 
essary to  combine  the  two  methods  where  two  machines  of  the 
proper  dimensions  cannot  be  obtained  or  where  it  is  desired  to  test 
a  generator  and  a  motor  of  different  sizes  at  the  same  time ;  this,  of 
course,  sacrifices  a  part  of  the  advantage  gained  bv  loading  back 
methods. 

(a)     Regulation  Test  With  Reststaxce  Loads 

Preparations  for  Test — The  table  used  is  that  shown  in  Fig. 
22.  and  it  is  coimected  to  the  machines  as  indicated.  A  motor 
having  a  larger  capacitv  than  the  generator  to  be  tested  is  mechan- 
ically connected  to  it  by  means  of  a  belt  or  coupling,  the  arrange- 
ment being  such   that  the  generator  shall  be  driven  at  its   proper 
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speed.  This  motor,  generally  a  500  volt  one,  except  in  the  case  of 
ver^■  small  machines,  is  connected  through  a  pit  and  starting  panel 
to  the  power.  The  speed  of  the  set  is  regulated  by  means  of  a 
rheostat  in  the  shunt  field  of  the  motor.  There  is  also  a  rheostat  in 
the  generator  shunt  field  to  regulate  its  voltage.  The  load  is  varied 
bv  var\  ino-  the  amount  of  resistance  in  the  rack. 
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FIG.   2J COXXECTIONS   FOR  REGUL.\TION   TEST   WITH   RESISTAXCK    LOAD 

Before  starting,  the  brushes  of  generator  and  motor  must  be 
set  on  trial  full-load  positions ;  in  the  case  of  the  generator  this  will 
be  in  advance  of  the  no-load  neutral  position ;  in  the  case  of  the 
motor  it  will  be  behind  the  no-load  neutral  position.  The  full-load 
position  referred  to  is,  of  course,  the  position  for  best  commutation 
at  all  loads  between  no-load  and  full-load. 

Conduct  of  Test — The  motor  may  now  be  started  and  brought 
to  such  a  speed  as  to  give  the  generator  its  designed  speed.     Tn  the 
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case  of  a  compound  generator  a  shunt  is  often  put  across  the  series 
winding  to  regulate  the  amount  of  compounding.  In  order  that  the 
compounchng  may  be  correctly  set  a  greater  number  of  turns  than 
is  actually  necessary  for  the  purpose  has  often  to  be  put  on.  The 
effect  of  the  shunt  is,  obviously,  to  divert  a  part  of  the  current  from 
the  series  coils  and  thus  reduce  their  effect. 

The  readings  are  now  taken  in  the  following  order : 

(i)  No-load  reading  to  adjust  the  shunt  field  resistance  for 
proper  terminal  voltage  at  no-load. 

(ii)  Full-load  reading  to  adjust  the  shunt  to  the  series  wind- 
ing, the  form  of  resistance  used  on  test  for  this  shunt  being  usually 
a  length  of  German  silver  strap. 

(iii)  Intermediate  readings,  all  adjustments  being  left  the 
^me  as  in  (ii). 

The  speed  is  held  constant  throughout.  In  every  case  the 
speed,  terminal  volts,  external  amperes,  and  shunt  amperes  are  re- 
corded. 

Prcnuttions  to  he  Observed — The  machine  should  be  at  a 
temperature  of  something  like  50°  C ;  if  it  is  not,  however,  the 
dift'erence  in  results  may  be  allowed  for  by  readjusting  the  length 
of  the  German  silver  shunt,  if  the  machine  has  one,  by  means  of 
readings  taken  after  the  temperature  run.  The  resistance  of  the 
shunt  sent  out  with  the  machine  will  be  taken  from  this  test.  The 
resistance  of  the  shunt  used  in  the  test  is  determined  in  the  ordinary 
way  or  calculated  from  the  dimensions  of  the  strap  used. 

(To  be  continued.) 


SHOP    EXPERIENCE 

items  from  the  notebook  of  the  apprentice 

]\Ieasurtn(,  Currents  in  Three-Phases  With  Two  Series 
Transformers — The  foilowing  method  is  often  used  in  switch- 
board wiring  where  it  is  desired  to  measure  the  currents  in  a  three- 
phase  system  by  means  of  one  ammeter  and  only  two  series  trans- 
formers, instead  of  three  which  are  usually  necessary. 

The  diagram  shows  the  lines  A,  B  and  C  of  the  three-phase 
circuit,  two  series  transformers,  A  and  C,  the  ammeter.  A}[,  and 
four  switch-plugs,  i,  2,  3  and  4.  To  read  the  current  in  line  .1,  the 
plugs  are  placed  in  i  and  2 ;  in  line  B,  2  and  3 ;  in  line  C,  3  and  4 ; 
and  when  not  using  the  ammeter  the  plugs  are  kept  in  i  and  4. 


B\-  plugging  in  i  and  2,  C  is  short-circuited  and  the  ammeter 
measures  the  current  in  line  A;  plugging  in  3  and  4  short-circuits 
A  and  the  current  in  line  C  is  measured ;  by  plugging  in  2  and  3. 
the  vectorial  sum  of  the  currents  in  lines  A  and'C  is  measured  by 
the  ammeter,  which  is  ecjual  to  the  current  in  line  B.  This  is  true 
of  any  three-phase  svstem,  regardless  of  unbalanced  loads  or  differ- 
ence of  power-factors  in  the  phases. 

When  ammeter  readings  are  not  being  taken,  the  switch-plugs 
should  be  in  i  and  4,  short-circuiting  the  two  series  transformers ; 
if  the  plugs  are  left  out,  the  secondaries  of  the  series  transformers 
will  be  open-circuited  in  which  case  the  primary  current  will  satu- 
rate the  core,  overheating  it  and  inducing  a  dangerous  voltage  in 
the  secondarv  coils — SivitcJihoani  Section. 
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SiMTLK  N'ariabj.e  RESISTANCE  DEVICE — A  simple  and  con- 
^cnicnt  arranoement  for  obtaining  a  variable  resistance  to  work  in 
conjunction  with  banks  of  lamps  or  resistance  racks  to  give  finer 
regulation  of  current  is  that  shown  in  the  sketch.  Five  incandescent 
lamps  are  connected  in  series  with  the  hinge  jaws  of  the  single-pole 
double-throw  switches.  A  german-silver  resistance  coil,  with  slid- 
ing contact,  is  connected  by  plugs  at  M  or  A'',  so  that  it  may  be  used 
in  series  with  various  combinations  of  the  lamps.  The  end  lamp 
has  twice  the  resistance  of  any  of  the  others.  If  the  coil  be  design- 
ed to  have  a  resistance  equal  to  that  of  a  lamp  it  will  be  readily  seen 
that  by  proper  arrangements  of  the  switches  and  adjustments  of  the 
coil  a  great  number  of  values  of  resistance  may  be  obtained,  which 
will  range  from  a  maximum,  when  the  lamps  are  in  multiple,  to  a 
minimum  when  the  lamps  are  in  series.  Somewhat  greater  flexi- 
bility is  obtained  by  using  two  coils  instead  of  one  and  connecting 
them  in  series  or  parallel,  as  the  occasion  demands.  This  device  is 
especially  desirable  for  use  in  testing  and  calibrating  instruments 
where  very  small  currents  are  often  used  and  where  sma;'  changes 
of  current  values  are  necessarv. 
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Hubs  of  Large  Rotating  Fields — The  cast  hubs  of  the  rotat- 
ing fields  of  large  generators  are  split  to  avoid  the  internal  stresses 
due  to  unequal  cooling  after  casting.  The  hub  is  bored  to  fit  the 
shaft  and  after  pressing  on,  a  steel  ring  slightly  smaller  than  the 
outer  rim  of  the  hub  is  heated  till  it  will  slip  over  the  hub  and  al- 
lowed to  cool  and  shrink  tight.  The  slits  in  the  hub  are  then  filled 
with  type  metal,  wliich  expands  in  solidifying — Materials  Scctio)i. 


EDITORIAL    COMMENT 

Some    years    ago    a    story    called    "A    Message    to 
•♦A     Message  Garcia"  was  given  the  widest  circulation.    No  more 
*^   r;»../-:«»'     fallacious  or  harmful  attitude  of  mind  could  possi- 
bly    have    been    advocated    than    that    which    was 
praised   and   lauded  in  the  story   referred  to.     The  employer  who 
does  not  recognize  the  necessity  of  questions  being  asked  by  his 
men  and  the  value  of  the  man  with  an  inquiring  mind  is  out  of 
touch  with  liis  environment  and  is  not  fit  to  direct  others.     A  suc- 
cessful organization  would  be  impossil)le  with  men  of  the  type  of 
the  hero  of  the  "Message  to  Garcia." 

The  man  who  would  be  in  touch  with  modern  progress  must 
learn  the  meaning  of  co-operation.  Co-operation,  first  of  all,  predi- 
cates an  attitude  of  mind  free  to  absorb,  free  to  give.  No  fear 
need  be  felt  for  the  success  of  an  organization  in  which  this  spirit 
is  manifested  by  its  individual  members. 

In  anv  large  group  of  individuals  working  to  a  common  end 
there  will  be  a  great  diversity  of  ideas  and  opinions  and  to  ac- 
compli'h  the  proper  co-o])eration  of  these  more  or  less  independent 
forces  is  a  problem  of  major  importance.  The  retarding  elements 
most  difficult  to  overcome  in  effecting  this  co-operation  are  those 
resulting  from  the  personal  characteristics  of  the  men  concerned  ; 
the  disposition  on  the  part  of  men  well-versed  in  their  particular 
lines  to  give  insufficient  weight  to  the  opinions  of  others  in  dis- 
cussing problems  of  mutual  interest ;  the  tendency  to  exaggerate 
the  importance  of  personal  peculiarities,  impatience  under  criticism, 
and  the  failure  to  submerge  individual  likes  and  dislikes. 

It  is  probable  tliat  there  is  no  element  so  destructive  to  co- 
operation in  an  organization  as  the  dogmatic  assertion,  "It  can't  be 
done."  The  frequency  with  which  this  assertion  is  made  comes 
from  the  conviction  on  the  part  of  the  individual  that  his  peculiar 
relation  to  given  problems  renders  his  judgment  infallible,  over- 
looking the  fact  that  fresh  minds  will  often  see  truths  which  will 
not  be  apparent  to  minds  grown  stale  in  the  consideration  of  the 
problem.  The  m;;n  who  can  learn  to  ignore  a  statement  of  this 
kind,  and  who  can,  with  due  regard  to  ]:»roper  limitations, 
bring  himself  to  an  attitude  of  mind  which  considers  "all  things 
possiljle"  will  soon  find  himself  doing  more  and  being  more  in  any 
organization  of  men,  than  the  man  whose  characteristic  remark  is 
"it  can't  be  flone." 

L.  A.  Osborne. 
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'LANER   BELT   DRIVEN    FROM    A    CONSTANT    SPEED    MOTOR 


self.  We  then  have  indivickial  motor  drive,  and  the  tendency  has 
been  to  extend  this  arrangement  even  to  many  of  the  smaller  tools. 
For  a  large  percentage  of  the  motor  drive  usually  required,  a  con- 
stant motor  speed  only  is  necessary.  This  application  is  compara- 
tively simple  and  needs  no  discussion. 

The  methods  in  common  use  of  joining  motors  to  the  driven 
parts  are  by  belts,  gears  or  direct  connection.  There  are  always, 
however,  a  large  number  of  tools  that  reciuirc  a  variable  speed.  A 
constant  speed  motor  driving  these  necessitates  some  form  of  a 
mechanical  speed  changing  device,  such  as  cone  pulleys,  gears. 
Reeves  pulleys,  and  the  like,  for  getting  the  different  speeds.  A 
vast  amount  of  ingenuity  and  inventive  skill  has  been  employed  in 
developing  these  mechanical  devices  and  several  are  now  on  the 
market  which  are  fairly  satisfactory.  One  drawback  to  all.  how- 
ever, is  the  time  required  to  make  the  speed  changes.  It  is  seldom 
possible  to  place  these  devices  near  the  point  where  the  w'ork  is  be- 
ing done,  and  in  some  of  them  the  machines  must  be  stopped  to 
make  a  speed  change.  Experience  has  shown  that  these  reasons 
prevent  changes  being  made  to  the  extent  they  should  be  made  to 
get  a  maximum  amount  of  work,  and  the  result  is  a  less  output  from 
the  shop    or  factory. 
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RAIL  liOKER  DIRECT   DRIVEN    BY   CUNSTANT 
SPEED   MOTOR 


The  desirability  of  getting  a  variation  in  speed  from  the  motor 
itself  and  doing  away  with  these  mechanical  devices  obviously  pre- 
sents itself  and  has  resulted  in 
the  development  of  a  number  of 
variable-speed  motor  systems. 
One  advantage  of  getting  the 
speed  variations  from  the  motor, 
instead  of  by  mechanical  de- 
vices, is  that  the  machinist  con- 
trols the  speed  without  leaving 
his  position,  and  this  facility 
with  which  speed  changes  are 
made  results  in  a  largely  in- 
creased output. 

There  are  in  general  two 
classes  of  service  requiring  vari- 
able speed  motors.  In  the  first  and  probably  largest  class  the  out- 
put of  the  motor  remains  practically  constant  over  the  entire  range 
of  speed,  i.  e.,  the  torque  varies  inversely  with  the  speed.  In  the 
second  class  the  output  of  the   motor  varies  with  the   speed.      In 

some  cases  it  varies  directly 
with  the  speed,  i.  e.,  the  torque 
remains  constant ;  in  other  cases 
the  output  increases  faster  than 
the  speed. 

As  the  speed  of  a  motor  is 
almost  directly  proportional  to 
the  impressed  e.  m.  f.,  it  follows 
that  a  variation  in  speed  can  be 
obtained  l)y  varying  the  e.  m.  f. 
This  method  was  the  first  adopt- 
('(1  and  it  is  still  in  use.  Shunt 
field  control  obtained  by  varying 
the  magnetic  field  strength  by 
resistance  in  the  shunt  field  windings  is  also  largely  em])loyed.  The 
number  of  voltages  actually  cmj)loyed  has  been  gradually  decreased 
until  at  the  present  time  the  commercial  systems  in  general  use  em- 
ploy from  2  to  6,  all  combined  with  more  or  less  shunt  field  control. 
There  are  also  one  or  two  svstems  usinu"  a  sinsjlc  voUafrc. 
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l\cferencc  is  mack  in  wliat  follows  to  "balancccr"  and  "un- 
balanced" systems  or  circuits.  .\  word  as  to  the  meaning  of  thesj 
terms  may  not  here  be  out  of  place.  .V  balanced  system  mav  be 
defined  as  one  having  similar  electrical  conditions  on  the  separate 
circuits.  Jn  an  un.balanced  one  the  electrical  conditions  are  not  the 
t.ame.  Any  unbalance  in  the  systems  referred  to  will  l)c  represent- 
ed in  amount  by  the  current  flowing  in  the  neutral  or  intermediate 
wires. 


FIC.    I — VARIABLE   VOLTAGE    liV    ARMATURE    RHSISTANXE 

Variable  \'oItai!^c  by  .liiuaturc  Resistance — This  is  the  earliest 
system  and  is  still  in  use  to-day  for  certain  kinds  of  work.  The 
voltage  at  the  terminals  of  the  motor  is  varied  In-  connecting-  more 


THE    MACHINE   TO   THE   LEFT    IS    A    I4-INCH    MOLUEK    AND    THAT    TO   THE    RIGHT 
IS  A  PANEL  RAISER.      EACH    IS  DRIVEN    DIRECT  liV   A   CONSTANT   SPEED    .MOTOR 
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•2o5 


FIG.    2 — VARIAHLE    \X)LTAC,E    1!V    AIOTOK   GENERATOR    SET 

or  less  of  an  ohmic  resistance  in  the  armature  circuit,  as  shown 
in  iMg.  I.  This  method  is  in  universal  use  on  cranes  and  street 
cars,  and  has  somewhat  limited  api:)lication  with  printing;  presses, 
fans,  pumps  and  hlowers.  It  is  particularly  well  adapted  for  inter- 
mittent service  with  series  motors  :  it  permits  the  smallest  possible 
motor  to  be  used  and  it  is  therefore  the  cheapest.  Its  disadvantage 
where  constant  speed  is  required  with  varying  load,  is  poor  regula- 
tion. It  is  also  a  very  inefficient  method,  as  all  the  energy  taken  up 
bv  the  series  resistance  is  lost. 

J'^ariablc  Voltage  from  a  Motor  Generator  Set — To  avoid  the 
losses  incurred  in  using  armature  resistance,  a  system  has  been 
developed  consisting  in  the  use  of  a  generator  with  each  motor,  this 
generator  being  so  designed  that  its  voltage  may  be  varied  over 
wide  limits,  thus  supplying  a  variable  voltage  to  the  motor  terminals. 


NO.    5    NILES   l'L.\TE   1!E.\IJ1.\'(,   KOI.I.S,   DRIVE.V    liV    A   220   VOLT  VAKIAIii.E    STEEU    MOTOR 
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which  are  wired  direct  to  the  generator.  It  is  shown  in  Fig.  2.  Al- 
though this  system  is  ideal  in  many  ways  and  is  capable  of  very 
wide  application,  its  actual  use  is  very  limited.  It  is  particularly 
suited  to  work  where  constant  torque  is  required  of  the  motor, 
where  the  same  size  of  motor  frame  can  be  used  as  with  the  "arma- 
ture resistance"  method.    In  case,  however,  constant  output  over  the 


FIG.     3 — THE     MULTI-VOLT.\GE     SYSTEM 

entire  range  of  speed  is  necessary,  a  larger  frame  is  demanded  with 
larger  commutator  and  brush  capacity.  The  motor  must  be  large 
enough  to  give  the  required  output  at  the  minimum  speed  and  the 
commutator  of  sufficient  size  for  the  largest  current. 

This  system  gives  a  wide  speed  range  and  perfect  control  with 
any  desired  number  of  speed  notches.  The  main  disadvantage  of 
its  use  lies  in  the  cost  of  installation,  which  is  excessive,  as  three 
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14-FOOT    PLANER    BUILT    BY    THE    NILES    TOOL    WORKS.    HAMILTON,    OHIO. 
DIRECT   DRIVEN    BY    ID    H.    P.    COMPOUND   WOUND    MOTOR 
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FK;.    4 L'NBALANCEU    THKEE-WIKE    SYSTEM 

niacliines  are  required  for  each  motor  application.     To  this  fact  al- 
nio.st  entirely  is  due  its  very  limited  application. 

Multivoltagc  System — The  so-called  nuiltivoltage,  or  four-wire 
system,  is  an  attempt  at  an  approximation  to  the  above  svstem.  It 
is  capable  of  general  application.  Instead  of  a  large  number  of 
dififeren.t  voltages  obtained  from  a  generator,  it  employs  six,  usual- 
ly varying  in  arithmetical  ratio  from  a  minimum  of  40  up  to  the 
usual  line  voltage  of  240.  (Fig.  3.)  These  voltages  can  be  obtain- 
ed from  any  two-wire  system  by  means  of  what  is  commonly  known 
as  a  motor-generator  or  balancer  set.  This  consists  ordinariiv  of 
three  machines  coupled  together  and  connected  in  series  across  the 
line.  Two  extra  wires  are  brought  out  between  the  machines  which 
are  wound  for  the  different  voltages  desired.  By  combination  of 
the   voltages   obtained    from   these   machines,   six   are   availaide   for 
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use  with  the  motor.  It  is  much  cheaper  to  install  than  the  motor 
generator  svstem,  as  a  single  balancer  set  can  be  made  to  clo  for 
anv  number  of  motors.  Its  undesirability  lies  in  the  cost  of  the 
balancer  set.  which  is  high  owing  to  the  special  characteristics  of 
the  machine ;  and  the  cost  of  wire,  which  is  high,  owing  to  the  fact 
that  four  wires  must  be  put  in  throughout  the  entire  installation. 
These  wires  must  be  of  comparatively  large  size.  All  the  auxiliary 
apparatus,  such  as  meters,  circuit-breakers,  switches,  fuses,  etc., 
must  be  for  four  wires.  The  system  is  an  unbalanced  one,  render- 
ing good  regulation  dif^cult.  Poor  regulation  is  also  obtained  on 
the  motors  at  the  low  voltages,  Dwing  to  the  heavy  currents  which 
must  be  used  ^\hen  con.stant  output  is  required.  This  system  in- 
volves in  its  latest  developments  the  use  of  a  small  amount  of  shunt- 
field  control  sufficient  to  obtain  speeds  intermediate  between  those 
obtained  on  the  line  voltages. 

Unbalanced  Threc-lVirc  Sysiem — The  next  step  in  the  evolu- 
tion of  variable  speed  svstems  consists  m  the  use  of  a  three- wire 
unbalanced  system  froiu  which  three  voltages  are  obtained.  (Fig. 
4.)      It  is  much  simpler  than  the  multivi^ltage  system,  involves  onl\- 
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two  machines  for  the  balancer  set.  and  the  installation  of  1)ut  three 
wires  with  a  corres])ondingly  smaller  amount  of  auxiliary  a])i)aratus. 
The  middle  wire  must  be  comparatively  lar.c^e.  Speeds  intermediate 
between  those  obtained  on  the  line  voltage  are  secured  by  shunt- 
field  control. 

This  system  has  so  far  had  a  very  limited  application.  It  skives 
sliohtlv  better  regulation  than  the  multivoltage  system  and  is 
cheaper  to  install.  On  the  other  hand,  one  or  both  of  the  balancer 
machines  must  be  special. 

Balanced  Threc-lVirc  System — This  is  a  three-wire  system 
from  which  two  voltages  are  obtained,  one  of  which  is  one-half  of 
the  other.  It  is  the  ordinary  three-wire  Edison  balanced  system  and 
is  obtained  either  by  two  machines  in  series  across  the  line  or  by 
the  use  of  slip  rings  and  auto-transformers  from  a  standard  two- 
wire  direct-current  generator  or  rotary  converter.  (Fig.  5.)  A 
three-wire  system  can  also  be  obtained  from  a  two-wire  system  by 
a  balancer  set  consisting  of  two  machines  connected  in  series  across 
the  line.     P'ig.  4  also  shows  this  arrangement  diagramatically. 

The  system  consists 
of  three  wires,  the  mid- 
dle, or  neutral  wire  of 
which  can  be  comi)ara- 
tively  small,  as  the  sys- 
tem is  much  more  nearly 
balanced  than  any  of 
the  others  w  h  i  c  h  have 
been  described.  Two 
voltages  arc  available 
for  the  motors,  and  the 
speeds,  aside  from  those 
obtained  direct  from  the 
line  voltages,  are  secured 
by  shunt-field  control. 
This  involves  a  wider 
speed  range  by  field 
weakening  than  any  of 
the  systems  previously 
mentioned.  If  the  stand- 
ard three-wire  genera- 
tor is  used,  the  auxiliary 
apparatus   to  obtain   the 

,  ....  lO-FOOT    PL.ANER    DRIVEN    P.Y    5    H.    P.    COMPOUND 
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and  one  that  requires  practically  no  attention.  Where  two  genera- 
tors or  a  balancer  set  are  installed  these  consist  of  two  standard 
generators  connected  in  series  across  the  line.  When  a  balancer 
set  is  used,  these  machines  can  be  smaller  on  this  system  than  any 
other.  Motors,  when  properly  installed,  will  be  connected  so  that 
one-half  will  be  operated  for  their  slow  speeds  on  one  of  the  side 
circuits  and  the  other  half  on  the  other  side  circuit.  The  maxi- 
mum imbalance  which  can  ])ossibly  be  obtained  is  one-half  of  the 
machines  on  one  of  the  side  circuits.  The  maximum  unbalance  that 
can  be  obtained  with  the  other  systems  is  all  the  machines  on  any 
one  of  the  voltages.  In  case  of  breakdown  of  the  balancing  appa- 
ratus, one-half  of  the  total  range  of  speed  is  available  from  the 
higher  voltage.  On  all  other  systems  only  the  maximum  speeds 
from  the  highest  voltage  can  be  used.  In  an  emergency  any  two 
similar  generators  or  motors  of  any  voltage  having  suilficient  current 
capacity  can  be  used  as  balancers.  The  objection  most  generally 
raised  to  this  system  is  the  extent  to  which  the  field  weakening  must 
be  carried  to  secure  the  necessary  speed  variation.  .\11  systems  use 
shunt-field  control.  The  amount  of  speed  variation  that  may  be 
obtained  by  shunt-field  control  is  merely  a  question  of  design.  The 
bad  effects  do  not  come  from  the  field  weakening,  but  from  the 
reaction  of  the  armature  ui)on  tlie  weakened  field.  If  this  armature 
reaction  be  prevented  by  suitable  design,  no  trouble  will  be  caused 


2(;2 


77/7:    lilJUTRIC    CLUB    JOURNAL 


bv  the  weakened  field.  'Idie  best  answer  to  this  objection  is  that 
motors  operated  with  the  amount  of  field  weakening-  required  by  this 
system  p;ive  satisfactory  ])erformance. 


FIG.    6 VAKI.MJLE    SPEED    ORT.MNED    FROM    SINGLE    VOLTAGE    AND 

DOUBLE   COMML'TATOK   ilOTOR 

DouhlC'Coiiiuiutator  Motors — There  are  some  cases  where  only 
one  or  two  motmvs  are  to  be  installed,  a  two-wire  system  is  avail- 
able, and  the  expense  of  putting  in  a  balance  set  is  such  as  to  make 
a  three- wire  system  objectionable.  In  such  cases  as  this  it  is  pos- 
sible to  usL'  a  doul)le-commutator  motor  and  obtain  an  exact  ecmiva- 


FIG.    7 — VAKIAIiLE    SPEED   OliT.MNED    FROM    SlNcilK   Xdl.TACE    AND 
SHL^XT-FIF.LD    COXTROL 

lent  of  the  results  obtained  \\\\.\\  the  three-wire  systems.  The 
armatures  of  these  machines  are  provided  with  two  independent 
windings  and  may  be  built  in  either  one  of  two  ways:  first,  by  using 
two  windings  with  a  different  number  of  turns  in  them,  which  is 
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an  exact  equivaleni;  to  the  thrcc-wirc.  three-voltage  system;  second, 
i)\-  making-  the  winchngs  on  the  two  endb  of  the  motor  the  same 
and  connecting  them  first  in  series  for  the  slow  speeds  and  then  in 
multiple  for  the  high  speeds,  in  this  way  securing  an  exact  equiv- 
alent of  the  three-wire,  two-voltage  system.  Shunt-field  control 
is  used  in  either  case,  the  same  as  with  the  three-wire  systems. 
The  motor  is  longer  than  the  single  commutator  machine  and  can- 
not be  placed  so  near  to  the  work  to  be  driven. 

Single  J^oifagc  JVith  Shiint-Eield  Control — Standard  motors  of 
proper  design  will  give  a  speed  range  of  2  to  i,  or  even  3  to  i  in 
some  cases  on  a  single  voltage  with  shunt-field  control.  For  speed 
ranges  exceeding  2  to  i  there  has  recently  been  developed  a  sys- 
tem for  single  voltage  work  which  is  beginning  to  attract  atten- 
tion. Its  application  so  far,  however,  has  been  small.  It  uses 
shunt-field  control  and  a  so-called  compensating  winding  in  the 
fields  as  shown  in  Fig.  7.  This  method  consists  of  threading 
through  the  poles  a  winding  which  is  connected  in  series  with  the 
armature  and  so  proportioned  that  the  strength  and  direction  of 
the  field  set  up  by  this  winding  is  opposite  to  that  set  up  by  the 
armature.  The  efl:'ect  of  this  winding  is  to  neutralize  the  armature 
reaction.  By  the  use  of  this  system  the  field  strength  of  the  motor 
can  be  varied  over  a  wide  limit  without  seriously  affecting^  com- 
mutation. 

In  considering  the  different  systems  of  variable  speed  motor- 
drive,  attention  is  at  once  directed  to  the  evolution  that  has  taken 
place.  Starting  with  complicated  and  expensive  systems,  there 
have  been  evolved  arrangements  comparatively  simple.  The  num- 
ber of  voltages  has  diminished  so  that  the  bulk  of  variable  speed 
\\  ork  is  now  done  with  one  or  two  voltages,  while  the  auxiliary  ap- 
paratus and  the  cost  of  installation  are  much  less  than  formerly ; 
and  these  results  have  been  accomplished  without  the  use  of  excess- 
ively large  motors.  In  all  of  the  abcn'e  systems  the  size  of  the 
motor  is  practically  the  same  on  the  same  basis  of  rating  and  speeds. 
The  output  and  minimum  speed  fix  the  size  of  the  motor  frame  ir- 
respective of  the  system. 


REAL    ECONOMY   IN  TRANSFORMER    OPERATION 

By  C.  FORTESCUE 

A  GREAT  deal  of  stress  has  been  laid  on  the  importance  to 
station  managers  of  a  high  all-day  efficiency  in  the  trans- 
formers used  for  lighting  purposes,  and  the  problem  of 
designing  sucli  a  transformer  has  usually  been  considered  as  in- 
volving : 

(i)  The  interest  and  depreciation  for  a  given  time  on  capital 
invested  in  the  apparatus,  and 

(2)  The  cost  of  energy  dissipated  by  the  apparatus  during 
the  same  period. 

It  has  been  usual  to  consider  the  loss  of  profit  incident  to  trans- 
former losses  as  being  equal  to  the  product  of  energy  lost  through 
this  cause  during  the  given  period  and  its  cost  per  unit  in  coal. 

In  designing  a  transformer  according  to  this  method  the  iron 
loss  is  diminished  until  the  increase  in  interest  and  depreciation  on 
the  cost  of  the  transformer  for  a  given  time  is  balanced  by  the  de- 
creased loss  to  the  lighting  station  through  energy  dissipated  dur- 
ing the  same  period.  In  commercial  designing  it  is  of  course  im- 
possible to  cover  every  possible  condition,  and  as  a  consequence  in 
some  commercial  designs  the  cost  is  carried  to  an  extreme  for  the 
sake  of  a  few  watts  gain  in  iron  loss.  This  method  of  considering 
the  question  assigns  to  transformers  designed  for  low  iron  loss  at 
the  expense  of  low  initial  cost  and  good  regulation,  the  highest 
place  for  economy.  That  the  method  and  conclusions  arc  wrong. 
the  following  discussion  will  show. 

Consider  tlie  effect  of  iron  and  copper  losses  on  the  lighting 
station  and  customer,  and  compare  the  results  with  what  would 
occur  were  there  no  losses. 

The  iron  loss  of  a  transformer  has  a  negligible  eft'ect  on  its 
secondary  voltage.  This  means  that  if  it  becomes  zero,  the  copper 
loss  remaining  constant,  the  customer's  meter  would  still  read  the 
same  for  the  same  condition  of  load.  Tlie  loss  in  net  revenue  to 
the  ligliting  station  due  to  this  cause  is,  therefore,  equal  to  the  cost 
of  generation,  and  since  in  general  the  cost  of  station  attendance 
is  not  affected  by  the  magnitude  of  the  iron  losses  their  eft'ect  is 
manifest  in  the  coal  bill  only. 

Consider  next  the  effect  of  copper  loss,  neglecting  the  self-in- 
duction of  the  windings  and  assuming  that  the  primarv  voltage  be 
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kept  constant  because  of  the  obvious  impossibility  of  the  station 
attendant  keeping  the  secondary  voltage  constant  when  transform- 
ers carrying  various  loads  are  supplied  from  the  same  circuit. 

To  take  a  specific  example,  let  a  transformer  be  used  to  oper- 
ate a  number  of  lamps  representing  an  aggregate  load  of  i  ooo 
watts  at  an  e.  m.  f.  of  loo  volts,  this  being  the  secondary  e.  m.  f. 
of  the  transformer  at  no  load. 

First  of  all  consider  the  transformer  as  having  no  copper  loss. 

This   case   is   represented 
diagrammatically  in  Fig.  i, 
and    the    following    values 
hold : 
Resistance  of  load=io 

ohms. 

FIG.    I 

Secondary  current^  lo  amperes.     Power  registeredr=i  ooo  watts. 

Next  consider  a  transformer  having  iron  loss  and  copper  loss 
each  3  per  cent,  of  the  rated  capacity.  Without  altering  the  prob- 
lem the  copper  loss  may  be  considered  as  existing  outside  the  trans- 
former w'indings  and  be  represented  by  the  loss  in  a  resistance  (R^) 
in  series  with  the  lamp  circuit  inserted  between  the  customer's  meter 
and  the  secondarv  terminals  on  that  side  of  the  circuit.  This  is 
represented  diagrammatically  in  Fig.  2. 

Since  a  transformer  is  rated  on  the  supposition  that  the  sec- 
ondary e.  m.  f.  is  kept  constant  at  all  loads.  (i?i)=3  ohms,  and 
therefore  in  the  case  represented  by  Fig.  2  wdiere  the  induced 
e.  m.  f.  is  TOO  volts,  the 
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Total   resistance   of   secondarv   circuit, 


10.^  ohms 


^.'oltage  across  meter  shunt =97.078  volts 

Current  in  secondary ==97 1  amperes 

Power  registered  in  meter ==942  watts 

Subtracting  this  latter  value  (942)  from  that  which  would 
occur  if  copper  loss  were  zero  (i  000),  the 

Reduction  in  meter  reading  due  to  copper  loss 

a.    e.,    decrease    in    voltage    and    decrease    in 

current)    =58  watts 

Actual  copper  loss =28.3  watts 

Power  lost  through  decrease  in  current -=29.7  watts 

The  loss  in  net  revenue  to  the  lighting  station  through  actual 
copper  loss  is  evidently  equal  to  the  price  at  which  the  same  amount 
of  power  could  be  sold  to  the  customer  ;  since  were  the  copper  loss 
zero  this  amount  of  power  would  be  recorded   in  the  meter.     The 
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loss  in  net  rcwnnc  due  to  the  decreased  current  is  represented  bv 
power  wliich  is  not  tienerated,  so  that  this  power  should  be  vaUied 


^NAAA/W — I  Meter 
R, 


6666 

— i— 1 — • — i — i- 


at    ihe    (hfference    between  — t- 

selhnc;'  i>rice  and  its  ^ener-      | 

ating  cost.     .And   since  the     ^ 

cost    of    station    attendance     8 

will     not    be    changed     by     1 

variation  in  the  copper  loss 

of  transformers. the  cost  of  vie.  2 

generation  will  lie  equal  to  the  value  of  the  extra  coal.     Suppose, 

then,  that  the  transformer  supplies  its  load  for  3  out  of  the  24  hours 

and  let  the  cost  per  kw-hr  in  coal  be  \  cent  and  the  selling  price 

])er  kw-hr   10  cents.     A  dail}'  loss  to  the  lighting  station  may  be 

computed  as  follows  : 

(1)      30  watts  iron  loss  for  24  liuurs  or  0.72  kw-hrs 

at   ^    cent— 36  cents 

{2)  28.3  watts  copper  loss  for  3  hours  or  .085  kw- 
hrs   at    10  cents— 85  cents 

(3)     29.7  watts  loss  of  power  for  3  hours,  or  .088 

kw-hrs    at    9^    cents= 85  cents 

Total   loss  per  day 2.04  cents 

Compare  thi^  with  the  loss  of  income  per  da\'  due  to  a  trans- 
former having  the  same  full  load  efficiency  but  with  iron  loss  and 
copper  loss  of  2  percent  and  4  percent  resi)ectivel}-,  and  supi)lving 
the  same  load  of  i  000  watts. 

(1)  20  watts  iron  loss  for  24  hours  or  0.48  kw-hrs 

at    h   cent— 24  cents 

(2)  37  watts  copper  loss  for  3  hours  or  o.ii  kw- 
hrs  at    10  cents:= 1 . 1 1    ecnts 

(3)  ?i^-S  watts  loss  of  i)ower  for  3  hours  or  0.115 

kw-hrs  at  9I   cents= 1.09  cents 


Total  loss  per  day 2.44  cents 

Total  loss  per  day  as  computed  above.  .  .    2.04  cents 

Difference  to  lighting  station  \)Q\-  day.  .  .   0.40  cents 

This  amounts  to  Sl-jT)  ])er  annum,  and  is  the  interest  at  io  per 
cent,  on  $14.60. 

Thus  it  is  seen  that  the  use  of  the  transformer  with  the  lower 
iron  loss  involves  a  flirect  loss  to  the  central  station  of  $1.46  pei- 
annum,  but  since  the  transfornur  having  the  lower  iron  loss  is 
cnnsideral)ly  more  expensive  than  the  one  having  eciual  losses,  the 
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interest  and  depi'eciation  upon  the  difference  of  first  cost  should  be 
added  to  the  above  loss,  still  further  increasing  the  difference  in 
favor  of  the  transformer  having  equal  losses. 

The  above  example  simply  illustrates  a  rational  method  of 
viewing  the  transformer  service.  If  this  transformer  were  ouerated 
for  a  longer  time  per  day  or  if  a  larger  transformer  were  considered 
the  net  revenue  would  be  greater. 

\\'hen  the  load  at  different  times  varies,  the  following  points 
should  be  remembered  : 

The  load  resi;-.tance  varies  inversely  as  the  load. 

The  equivalent  resistance  due  to  copper  loss  is  constant. 

1  he  per  cent,  copper  loss  varies  directly  as  the  load. 

It  is  evident  that  as  the  load  decreases  the  decrease  in  net  rev- 
enue due  to  iron  and  copper  losses  becomes  more  nearly  even. 

Tt  appears,  therefore,  that  due  to  the  large  dift'erence  between 
the  ''selling  price"  and  the  "cost  per  unit  of  coal"  the  reduction  in 
revenue  due  to  copper  loss  outweighs  the  cost  of  coal  for  generat- 
ing the  iron  loss.  This  leads  to  the  conclusion  that  in  general  trans- 
formers designed  with  high  all-day  etffciency  are  not  only  higher  in 
first  cost  but  are  more  expensive  to  operate  than  those  having  equal 
iron  and  copper  losses. 

Aloreover,  what  the  customer  desires  is  the  maximum  amount 
of  liglit  from  a  given  amount  of  energy,  with  a  reasonable  length 
of  lamp-life.  This  is  obtained  by  keeping  the  full-load  voltage  on 
the  lamps  as  near  as  possible  to  the  no-load  voltage,  a  condition 
which  is  obtained  only  with  transformers  having  close  regulations. 

The  following  is  a  more  general  discussion  of  the  question  : 

Let  a  transformer  of  capacity  P  be  used  to  supply  a  number  of 
lamps  representing  an  aggregate  load,  P^  at  an  e.  m.  f.  E,  whic'i 
is  the  open-circuit  e.  m.  f.  of  the  transformer. 

I''irst,  c(;nsider  the  transformer  as  having  no  losses. 

This  case  is  represented  diagrammaticallv  in  Fig.  i  : 

Let  —=k  then  P.=kP,  and 
P 

E        E 

Load  resistance,  R<>  =r=  —  =  — 

Fi        kP 

Secondary  current,  /■>        —  =  — 

E  E 

Tower  registered.  R^  =  kP. 
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Now  consider  the  effect  if  the  transformer  has  copper  loss  mP,  the 
primary  e.  m,  f.  being  the  same  as  before. 

Without  altering  the  problem  the  copper  loss  may  be  considered 
as  existing  outside  the  transformer  windings,  and  be  represented  by 
a  resistance  R^  in  series  with  the  lamp  circuit  inserted  between  the 
customer's  meter  and  the  secondary  terminal  on  that  side  of  the 
circuit. 

The  problem  thus  becomes  the  same  as  that  of  a  transformer 
having  no  copper  loss,  operating  a  load  having  resistance  i?s-|-i?i  as 
shown  diagrammatically  in  Fig.  2. 

The  effects  of  copper  loss  in  a  transformer  are  therefore : 

(i)  Less  current  flows  through  the  circuit  than  if  there  were 
no  loss,  or  7  s  is  less  than  1%  L  being  the  secondary  current  in  the 
case  represented  by  Fig.  2. 

(2)  This  current  produces  a  drop  in  the  voltage  across  the 
meter  shunt  terminals  equal  to  R^  U. 

Thus  we  have  two  causes  of  decrease  in  meter  reading  due  to 
copper  loss : 

(i)  Power  not  generated  due  to  loss  of  current  or  F,= 
(h-h)E. 

(2)  Power  dissipated  through  resistance  of  the  windings  or 
P—h'  Ri. 

Since  a  transformer  is  rated  on  the  supposition  that  the  second- 
ary e.  m.  f .  is  kept  constant  at  all  loads : 

J-,        niP       niE' 
Ki  :=  ^r=  

r      p 

E'    niE'    E' 

R^+R'^. \ =—  (1+;//,^, 

kP      P      kP 
Therefore  in  the  case  represented  in  Fig.  2  where  the  primary 
e.  m.  f.  is  kept  constant  we  have — 

E  kP 

Secondary  current,  /s  ^ :^ 

(/?.+i?0     £(i  +  ;,//0 

kP 
Power  recorded  in  meter,  F,,,  =/«"  R^  = 


(i-\-mk'y 


P  F 

E.  m.  f.  at  meter  shunt  terminals,  ___|11_  

/s       {i-\-mk) 

uik 
Copper  loss  of  transformer,  Ps=zls-  Ri=^kP. 


{i+mky 
Decrease  in  meter  reading  due  to  copper  loss  is  therefore 

kP^         mk'P  (24-ihk) 
P,—P„,  =kP = —^ ^ 

(i-\-iiik)-         (i-^-mk)' 
Subtracting  from  this  the  copper  loss  P-.-  gives  us: 

P,—{  P'—P,.  )=P — kP.      "'^'' 

(i-\-mk) 
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The  loss  in  net  revenue  to  the  lighting  station  through  Ps  is 
evidently  equal  to  the  price  at  which  the  same  amount  of  power 
could  be  sold  to  the  customer ;  since  were  the  copper  loss  zero,  this 
additional  amount  of  power  would  be  recorded  in  the  meter. 

Pi  represents  power  not  generated  so  that  the  loss  in  revenue 
is  equal  to  the  difference  between  its  selling  price  and  cost  of  gen- 
eration. Since,  generally  speaking,  Ri,  and  therefore  Ft  ,  being  zero, 
would  involve  no  increase  in  cost  of  station  attendance,  the  cost  of 
generation  will  be  equal  to  the  value  of  the  extra  coal  consumed. 

To  summarize : 

In  a  transformer  of  capacity  P,  having  iron  loss  nP  and  copper 
loss  mP,  used  to  operate  a  number  of  lamps  representing  an  aggre- 
gate load,  Pr=kP  the  factors  that  cause  loss  in  net  revenue  are: 

(i)      nP  iron  loss  chargeable  at  cost  per  unit  of  coal. 

kP.  ink  ,  ,  ,  ,  ... 

^2)     P,^ copper  loss  chargeable  at  selhng  price  per 

unit. 

kP.   mk 
(3)     Ft  =^ ^  chargeable  at  the  difference  between  these 

(H-;;//0 

prices. 

Thus,  if  during  a  period  of  time  T,  this  transformer  is  operated 
for  lengths  of  time  ^,  /=,  ^3  on  a  number  of  lamps  representing  at 
the  open  circuit  e.  m.  f.  of  the  transformer,  loads  ^1  P,  k--  P,  k^  P 
respectively,  the  energy  lost  through  • 

Iron  loss  is  nPT. 

Copper  loss  is  I{P,  t\  +-[P,  t]  or 
tAiiP.mki     Uk.P.mk.     Uk.P.uik-. 


{i-\-mki)-     ii-\-mkiY     {i-^^fiiks)~ 
U  ki  P.  mk.     h  k.  P.  mk^     t.  k.  P.  mk^ 

+ f 

(i-frn/ei)        {i-\-mk2)         (i  +  z/^/e^) 

If  the  portion  of  the  above  energy  lost  through  Fs.  viz.,  -{P^  t], 
be  called  A,  and  the  portion  due  to  Ft,  viz.,  -[Ft  t].  be  called  B, 
and  if  C  and  C2  be  the  selling  i)rice,  and  cost  per  unit  of  coal  re- 
spectively, then  less  of  income  to  lighting  station  during  time  T 
through  transformer  losses  is : 

nPT  C+A  Ci+B  (O— O) 

These  equations  furnish  a  means  of  comparing  the  economy  of 
transformers  having  different  relations  of  copper  loss  to  iron  loss. 

In  the  old  method  of  considering  the  problem  nP  and  F^  have 
been  considered  as  both  chargeable  at  cost  per  unit  of  coal.  Fi  has 
been  entirely  ignored. 


THE  STATUS  OF  WIRELESS  TELEGRAPHY 

By  S.  M.  KINTNER 

Tl  1 E  present  status  of  wireless  telegraphy  is  not  very  tlior- 
ouohly  uiiderstood  by  the  engineering-  profession  at  large. 
St>  many  wonderful  things  have  been  promised  which  have 
been  slow  in  coming,  and  so  many  controversies  have  arisen  among 
the  workers  in  this  field,  that  the  average  busy  engineer  has  not  had 
the  time  nor  patience  to  follow  all  the  ins  and  outs  in  the  develop- 
ment of  this  new  science. 

It  is  the  purpose  of  this  article  to  discuss  quite  briefly  the  essen- 
tial elements  of  wireless  telegraphy  and  to  indicate  the  state  of  the 
art  at  the  present  time. 

Fundamentally,  all  telegraph  systems  consist  of  means  of  call- 
ing, sending  and  receiving.  The  calling  and  sending  apparatus 
usually  being  the  same,  though  tlicre  may  be  some  diflference  at 
the  receiving  station  between  the  apparatus  used  for  receiving  a 
call  and  that  for  receiving  a  message. 

The  nccessarv  elements  of  the  sending  station  of  a  wireless 
tclegraj)!!  svstcm  are  as  follows:  A  spark  gap,  one  side  of  which 
is  connected  to  ground,  the  other  to  a  vertical  wire  carrietl  to  a  con- 
siderable height;  an  induction  coil,  or  transformer,  for  producing  a 
voltage  sufficient  to  send  sparks  across  the  above  mentioned  spark 
gap;  a  source  of  current  supply,  such  as  batteries,  or  (hnanin:  and 
some  suitable  means  of  interrupting  and  making  the  circuit  readily 
for  the  purposes  of  signaling.  At  the  receiving  station  the  essen- 
tial elements  arc:  A  vertical  wire  connected  to  earth,  but  having 
ir  its  circuit  a  wave  detecting  device,  and  such  accessories  as  are 
required  by  the  v/avc  detecting  device  to  operate  it.  I'or  a  complete 
station,  consisting  of  both  sending  and  receiving  ai)])aratus,  the  one 
vertical  wire  is  used  both  for  receiving  :uid  sending.  This  double 
use  of  the  vertical  wire  necessitates  the  use  of  certain  swiiching 
arrangements  connecting  either  the  sending  or  receiving  ai)paratus 
according  as  to  which  it  is  desired  to  use. 

Signals  are  sent  by  eansing  a  stream  of  sparks  to  ])ass  across 
llie  air  gap,  a  great  numl)er  of  sparks  representing  a  dash  and  a 
small  number  a  dot,  etc.,  as  in  the  Morse  code  of  signals.     When 
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the  voltage  begins  to  increase  across  the  gap,  for  each  individual 
spark,  the  voltage  of  the  vertical  wire  is  raised  correspondingly, 
finally  the  voltage  bre;iks  acrciss  the  gap  and  the  charge  residing 
in  the  vertical,  and  an  ec|ual  cimount  on  the  earth,  of  opposite  sign, 
oscillates  back  and  forth  across  the  gap  at  a  very  great  rate.  This 
oscillation  of  an  electric  charge  sends  out  electro-magnetic  waves. 
Tliese  waves  are  not  directed,  but  go  out  sliding  over  the  surface 
of  the  earth  and  increasing  in  height  as  they  get  farther  from  the 
source  of  disturbance.  Every  vertical  conductor  in  the  path  of 
these  waves  will  have  oscillating  currents  set  up  in  it  of  the  same 
frequency  as  the  sending  source,  and  if  a  suitable  detecting  device 
is  placed  in  series  in  the  vertical  conductor,  the  combination  would 
serve  as  a  receiving  station  of  wireless  messages. 

All  systems  in  operation  at  present,  use  the  spark  gap  as  their 
means  of  generating  waves  of  sufficient  rapidity  of  oscillation  to 
serve  the  purpose  at  hand,  though  there  have  been  proposals  to 
build  alternators  giving  one  hundred  thousand  or  more  cycles  per 
second,  and  allow  them  to  operate  directly  on  the  vertical,  one  side 
being  grounded.  This  method,  with  luachines  of  sufficient  fre- 
quencv,  giving  sine  wave  voltages,  should  prove  lietter  than  the 
present  spark  gap  arrangement. 

W'hile  several  companies  have  made  claims  of  ability  to  work 
with  verticals  only  three  or  four  feet  high,  the  fact  that  nor.e  of 
them  are  so  operating,  in  any  of  their  permanent  installations,  is 
strong  evidence  that  the  tall  antennae  { as  the  verticals  are  called 
from  the  similarity  to  the  antennae  or  "feelers"  of  insects)  are  still 
a  necessar}-  and  expensive  part  of  the  ec^uipment. 

Most  of  the  systems  are  using  some  form  of  a  coherer  at  the 
receiving  end  for  responding  to  the  electric  waves  from  the  send- 
ing station.  There  are,  however,  one  or  two  notable  exceptions  to 
this.  The  coherer,  consisting,  as  it  nuist  from  the  very  i)rniciple 
of  its  operation  of  a  great  number  of  loose  contacts,  generally  be- 
tween metallic  filings  in  a  glass  tube,  is  a  very  treacherous  ilevice. 
It  might  be  Avell  looked  ui)on  as  a  trigger  controlling  the  energy  of 
a  local  battery  circuit ;  when  the  oscillating  currents  coming  in  from 
the  antennae  ''trip"'  it,  bv  causing  little  sjxirks  to  fuse  the  bad  con- 
tacts between  filings,  the  local  l)attery  sends  current  thnmgh  it.  and 
some  indicating  device  such  as  a  telegraph  sounder  makes  known 
the  change  of  condition  of  the  coherer  due  to  the  electric  waves. 
The  coherer  must  be  tapped  mechanicall\  to  ri'slore  it  to  its  lormer 
condition.  readv  for  the  next  signal.     The  excejjtions  to  the  coherer 
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receiver  arc  the  "liquid  barretter"  of  Fessendeu's  invention ;  and 
the  magnetic  detector,  dependent  v\\  the  sensitiveness  of  a  sample 
of  iron  going-  slowly  through  its  hysteresis  cycle,  to  any  change  in 
its  magnetizing  force.  This  last  named  device  is  quite  sensitive, 
and  as  an  invention  is  claimed  by  a  number  of  the  various  workers 
in  this  field.  The  "liquid  barretter,"  mentioned  above,  is  perhaps 
the  most  satisfactory  detector,  all  points  considered,  yet  produced. 
It  is  extremely  sensitive,  very  regular  in  its  action  and  not  at  all 
subject  to  injury  from  mechanical  shock,  vibrations,  etc.  The  in- 
strument consists  of  a  piece  of  silver  wire  with  platinum  core,  the 
core  being  only  about  ytj^^o  of  an  inch  in  diameter,  dipping  into 
a  solution  of  nitric  acid,  the  wire  forming  one  terminal  of  the  de- 
vice. The  acid  is  generally  held  in  a  platinum  or  gold  cup — the 
cup  forming  the  other  terminal  of  the  circuit.  The  indications  are 
read  by  shunting  a  telephone  receiver  and  local  battery  around  the 
barretter,  and  then  the  flutter  of  the  sending  spark  is  accurately 
reproduced  m  the  telephone  receiver.  So  accurate  is  this  reproduc- 
tion, that  no  difficulty  is  experienced  in  distinguishing  between 
sparks  from  two  different  sources,  even  though  both  are  being 
operated  at  the  same  time.  In  the  absence  of  non-interfering  sys- 
tems, this  is  a  very  valuable  feature. 

One  of  the  greatest  difficulties  encountered  in  the  operation  of 
wireless  telegraphy  has  been  the  interference  produced  bv  one  set 
of  stations  upon  another.  That  is  when  two  stations  are  sending  at 
the  same  time  a  receiving  station  within  the  range  of  both  of  the 
sending  stations  would  receive  both  messages  simultaneously  and 
unless  some  peculiarity  of  the  wave  detecting  device  would  allow 
the  operator  to  pick  out  one  set  only  of  the  two.  the  composite  mes- 
sage would  be  unintelligible.  Russia,  in  her  use  of  wireless  in  the 
war  Avith  Japan,  is  having  trouble  from  this  cause  at  the  present 
time,  according  to  press  reports. 

The  methods  proposed  for  the  eliminating  of  interference  have 
nearly  all  been  based  on  "tuning"  or  syntonizing  the  circuits. 

By  syntonizing  is  meant  adjusting  the  relations  between  the 
inductance,  resistance  and  capacity  of  the  receiving  circuit  so  that 
the  natural  period  of  oscillation  of  a  charge  set  free  to  oscillate  in 
it  would  have  the  same  frequency  as  that  of  the  sending  circuit. 
Such  a  relation  l)etween  the  two  stations  of  a  wireless  telegraph 
system  is  analagous  to  the  well  known  response  of  a  particular  piano 
string,  responding  to  the  same  tone  that  it  gives  wdien  struck,  if 
such  a  tone  is  sounded  in  the  room  with  it  on  some  other  instrument. 
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In  order  to  produce  perfect  s^ntony  it  is  necessary  to  use  a 
sine  wave  as  a  radiating  electro-magnetic  wave,  and  these  are  not 
easily  produced.  It  is  much  easier  to  send  out  from  the  ordinary 
sending  apparatus  an  unknown  chord  instead  of  the  desired  mono- 
tone. Then,  also,  the  nearness  of  the  conflicting  stations,  even 
though  out  of  syntony,  has  considerable  to  do  with  the  perfectness 
of  the  non-interfering  operation. 

There  is  a  possibility  that  some  form  of  synchronizing  groups 
of  circuits  of  various  combinations  may  be  a  successful  solution 
of  this  trouble.  Several  investigators  are  now  working  along  this 
line.  But  at  this  writing  no  system  in  the  market  is  strictly  a  non- 
interfering  one.  By  a  non-interfering  system  is  meant  one  which 
cannot  be  interfered  with  by  others  sending  at  the  same  time. 

The  accompanying  diagrams  represent  typical  methods  of  con- 
necting up  the  essential  elements  of  the  sending  and  receiving  cir- 
cuits.    Xo  elTort  is  made  to  show  the  switchinsf  details,  etc. 


c 


K 
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FIG.     I — SENDING    STATION 


FIG.    2 — RECEIVING    STATION 


In  the  diagrams  V  represents  the  vertical  wire,  which  for  a 
transmission  of  200  miles,  would  likely  be  150  feet  high.  It  may 
consist  of  a  single  wire  or  of  a  number  of  wires,  but  for  best  results 
the  vertical  must  be  as  nearly  uniform  throughout  its  entire  length 
as  possible,  otherwise  reflections  will  take  place  from  points  where 
the  character  of  the  vertical  is  changed. 

The  sending  station  in  the  diagram  takes  its  energy  from  bat- 
teries B  and  the  current  passes  through  an  interrupter  I  and  its 
accessories,  then  through  the  primary  of  the  induction  coil  to  the 
switch  K  and  back  to  the  battery.  The  switch  K  is  the  jioint  from 
which  the  operator  manipulates  the  system  in  sending.  As  long  as 
K  is  held  down  a  stream  of  sparks  will  pass  across  gap  ().     Each 
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(li sella ri^e  across  tlic  g-ap  C,  consists  of  a  nunilicr  of  oscillations  due 
to  the  local  circuit  made  up  of  condensers  C  C  and  inductance  L, 
and  such  an  arrangement  tends  to  prolong-  the  oscillations.  The 
frecfuency  of  these  oscillations  is  controlled  by  adjusting  the  values 
of  C  C  and  L.  The  inductance  L  acts  on  the  verical  V  and  earth 
as  another  oscillating  circuit,  L  being  an  auto-transformer.  The 
l)est  action  is  gotten  when  these  two  circuits  are  adjusted  so  that 
they  both  have  the  same  natural  period  of  oscillation. 

The  receiving  circuit  also  consists  of  two  oscillating  systems 
which  must  each  be  adjusted  to  the  saiue  period  of  oscillation  as 
tlu  sending  circuit.  Such  a  system  would  be  a  tuned  one,  and  the 
oscillations  set  up  in  the  receiving  circuit  containing  the  responding 
device  R  would  be  feeble  for  all  waves  sent  out  from  sending  sta- 
tions of  d-.tterent  periods  of  oscillation.  The  responding  device 
simply  produces  a  changed  condition  in  the  local  circuit  through  it, 
the  telephone  receiver  and  source  of  constant  voltage,  such  as  the 
drop  along  a  resistance  wire  shunted  around  the  battery,  when  the 
local  circuit  has  oscillations  set  up  in  it  due  to  electro-magnetic 
waves  coming  from  the  sending  station.  In  this  way,  by  the  flutter 
or  click  in  the  telephone,  accordmg  to  the  character  of  the  respond- 
ing device  used,  the  message  is  taken  by  the  receiving  operator. 

There  are  many  interesting  problems  to  be  worked  out  in  this 
new  science  and  a  great  amount  of  good  substantial  engineering  to 
be  done  to  put  it  on  the  plane  it  deserves.  Now  that  the  spectacular 
days  are  over  and  the  public  ceases  to  be  thrilled  by  accou:Us  of 
messages  sent  200  miles  or  more,  some  more  substantial  develop- 
ments may  be  expected.  Its  natural  field  is  the  sea.  and  there  is 
where  it  will  most  likely  be  used  to  the  greatest  extent  and  the  wires 
will  continue  in  service  on  land. 

The  difficulties  attending  the  commercial  operation  oi'  the 
trans-Atlantic  station  have  doubtless  proven  too  great  in  the  jires- 
ent  state  of  the  art,  and  little  is  heard  of  them  now. 

To  tully  appreciate  the  wonders  of  this  new  science,  one  must 
sit  and  listen  to  the  dots  and  dashes  being  sent  by  some  one  perhaps 
two  hundred  miles  at  sea  and  experience  the  weird  sensation  of  a 
first  wireless  telegraph  n.iessage. 


THE  HUNTING  OF  ROTARY  CONVERTERS 

By  F.  D.  NEWBURY 

A  ROTARY  C()N\'ERTER  and  the  generator  supplying-  it 
with  power  are,  in  the  speed  relations  of  the  two  machines, 
similar  to  an  engine  flywheel  driving  a  second  flywheel  by 
means  of  a  flexible  coupling  in  which  the  driving  force  is  trans- 
mitted through  spiral  springs.  In  this  analogous  mechanism  the 
rotation  of  the  second  flywheel  will  be  steady  only  as  long  as  the 
rotation  of  the  engine  flywheel  will  produce  exaggerated  fluctua- 
tions in  the  rotation  of  the  driven  wheel,  due  to  the  flexible  nature 
of  the  coupling  between  the  two  wheels.  The  action  of  this 
mechanism  may  be  explained  more  in  detail  as  follows: 

If  the  engine  flvwheel  momentaril\-  increase  its  speed  the  second 
wheel  Vvill  not  maintain  the  same  position  relative  to  the  engine 
flywheel  as  would  be  the  case  with  two  wheels  rigidly  connected  to- 
gether. TIk-  inertia  of  the  driven  wheel  will  cause  it  to  lag'  behind 
the  other  in  relative  position  until  the  resulting  tension  in  the  springs 
is  great  enough  to  overcome  the  inertia  and  momentarily  increase 
its  speed,  bringing  it  back  to  its  previous  relative  position.  At  the 
same  time  the  tension  in  the  springs  reacts  upon  the  engine  flywheel 
so  that  tlie  speed  of  this  ^\heel  is  momentarily  decreased  if  the 
engine  will  permit  of  a  reduction  in  speed.  If  the  inertia  of  the 
driven  flywheel  is  large,  the  springs  may  take  it  beyond  its  initial 
position  to  a  position  relatively  ahead  of  that  of  the  engine  flywheel, 
in  which  case  the  springs  will  be  compressed,  causing  the  second 
wheel  to  fall  bLhind  again,  thus  starting  an  oscillatinn  in  the  rota- 
tion of  this  wheel.  To  set  up  this  oscillation,  three  cunditions  are 
necessarv :  first,  a  variation  in  the  regnlaril\-  of  the  rdtalinn  u\  the 
engine  fl_\-\\h,cel ;  second,  a  flexible  connection  between  the  two 
wheels,  and  third,  inertia  in  the  second  wheel. 

In  the  electrical  machines  the  action  is  ver\-  similar.  1  f  there 
is  anv  irregularitv  in  the  rotation  of  the  generator,  the  inertia  of 
the  rotary  converter  armature  prevents  it  from  instantl\-  following 
the  generator  and  the  resulting  difl'erence  in  the  reiati\e  positions 
of  the  two  armatiu-es  causes  a  change  in  \\\v  i)hase  positions  of  the 
generator  e.  m.   f.  and  the  converter  counter  e.  m.   f.     This  chang--;' 
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in  phase  positions  causes  a  difference  in  the  instantaneous  vahies  of 
the  two  e.  m.  f.'s  which,  in  turn,  causes  a  so-called  corrective  cur- 
rent to  flow  between  the  two  machines.  This  current  in  the  elec- 
trical circuit  is  equivalent  to  the  tension  in  the  coupling  springs  in 
the  analogous  mechanical  arrangement.  When  the  converter  arma- 
ture is  behind  the  generator  in  relative  position,  the  corrective  cur- 
rent flows  in  such  a  direction  as  to  accelerate  the  converter  armature 
and  to  retard  the  generator ;  it  may  also  accelerate  the  converter 
armature  too  much  so  that  from  being  behind  the  generator  in 
relative  position  it  is  ahead  of  the  generator.  In  this  case  a  cor- 
rective current  flows  in  the  opposite  direction,  analogous  to  com- 
pression in  the  coupling  springs,  which  retards  the  converter  arma- 
ture. In  this  way  irregularities  in  the  rotation  of  the  rotary  con- 
verter are  produced  which  are  not  present  in  the  rotation  of  the 
generator.  This  irregularity  in  the  rotation  of  the  rotary  converter 
is  called  hunting.  Hunting,  as  here  described,  is  due  first,  to  ir- 
regular rotation  of  the  generator;  second,  to  the  flexible  nature  of 
the  electrical  connection  between  the  generator  and  converter ;  and 
third,  to  the  inertia  of  the  rotary  converter  armature. 

Due  to  the  action  of  the  corrective  currents  the  rotary  con- 
verter automatically  tends  to  follow  changes  in  the  rotation  of  the 
generator.  How  closely  it  will  actually  follow  the  generator  de- 
pends on  the  design  of  the  rotary  converter.  If  the  self-induction 
of  the  armature  be  large,  the  corrective  current  for  a  given  difference 
in  e.  m.  f.  will  be  small  and  the  force  tending  to  change  the  relative 
position  of  the  con\erter  armature  will  be  less  able  to  overcome  its 
inertia.  In  this  case  the  armature  will  be  sluggish — it  will  not  be 
able  to  follow  the  generator — so  that  the  converter  will  fall  out  of 
step  with  relatively  small  changes  in  the  relative  positions  of  the 
two  armatures.  On  the  other  hand,  if  the  armature  self-induction 
be  small,  the  force  tending  to  change  the  relative  position  of  the 
converter  armature  will  be  greater  than  necessary,  so  that  the  arma- 
ture will  be  carried  beyond  its  proper  relative  position  and  an 
oscillation  set  up  as  already  described.  The  armature  w^ith  large 
self-induction  corresponds  with  a  coupling  having  weak  springs, 
while  the  armature  with  small  self-induction  corresponds  with  a 
coupling  having  strong  springs. 

Corrective  currents,  due  to  a  difference  between  the  relative 
positions  of  the  generator  and  converter  armatures,  increase  the 
leading  or  lagging  components  of  the  total  current,  and  these  lead- 
ing or  lagging  currents   increase  or  decrease  the   strength   of  the 
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generator  and  converter  fields  due  to  the  magnetizing  effect  of  these 
currents  in  the  armature  windings.  Since  hunting  is  an  oscillation 
in  the  relative  position  of  the  converter — ahead  of  the  generator  at 
one  instant  and  behind  it  the  next — the  corrective  currents  in  the 
circuit  due  to  this  oscillation  are  first  in  one  direction  and  then  in 
the  opposite  direction.  The  effect  of  this  varying  current  is  to 
strengthen  one  pole  tip  when  flowing  in  one  direction,  and  weaken 
the  other  pole  tip  when  flowing  in  the  other  direction,  thus  con- 
tinually changing  the  distribution  of  magnetism  over  to  the  pole 
face  and,  in  effect,  causing  the  magnetic  flux  to  continually  shift 
back  and  forth  across  the  pole  face.  This  occurs  in  both  rotary 
converter  and  generator.  This  shifting  of  the  magnetic  field  has 
an  incidental  effect,  flashing  occurs  at  the  direct  current  brushes 
of  the  rotary  converter  whenever  the  armature  coil  in  which  the 
current  is  commutated  is  brought  into  a  strong  field  by  the  shift- 
insf  flux. 


ROTARY   CONVERTER   FIEEU    SHOWING   GRID   DAMPERS 


278  Tiill    lUJiCTRIC   CLUB    JOIIRXAL 

'Hiis  fact,  thai  luiiitiiii;'  is  al\va_\s  accompanied  by  a  sliiftiiii;- 
field,  makes  p()ssil)le  an  effective  metliod  of  preventir.t;"  Inintinc:;-. 
The  converlei'  is  ]:r(ivided  \vith  heavy  copper  grids  that  snrronnd 
each  ])nle  face  ami  extend  across  it  imbedded  in  one  or  more  slots. 
ddie  form  of  these  grids  is  shown  in  the  photograph.  The  function 
of  the  copper  grids  is  to  act  as  dampers  preventing  the  relative  posi- 
tion of  the  converter  armature  from  being  changed  by  the  correct- 
ive currents  more  than  the  initial  change  in  the  generator.  The 
action  is  essentially  a  damping  action  and  is  the  same  as  that  of  the 
copper-magnet  dam])er  used  in  galvanometers  and  is  analogous  to 
the  action  of  a  dash  pot  on  an  engine  governor.  If  all  the  coupling 
springs  in  the  flywheel  arrangement  already  considered  were  pro- 
vided with  dash-pyOts  the  controlling  action  of  the  dash-pots  would 
tend  to  prevent  the  "hunting""  of  the  driven  flywheel. 

To  consider  the  action  of  the  dampers  in  detail,  assume  that 
the  generator  speed  momentarilv  increases.  This  causes  a  difference 
in  the  phase  of  the  generator  and  converter  e.  m.  f."s.  The  dififer- 
ence  in  the  instantaneous  e.  m.  f.'s  due  to  the  difference  in  phase 
will  cause  a  Cf^rrective  current  to  flow  in  the  circuit  that  will  dis- 
tort the  fields  and  accelerate  the  converter  armature.  The  shifting 
flux  cuts  the  copper  grid  and  generates  in  it  eddy  currents  which 
retard  the  converter  armature,  i.  e.,  the  secondary  eddy  currents 
have  an  efl'ect  the  reverse  of  that  of  the  primar\  corrective  current. 
The  accelerating  action  of  the  corrective  currents  occurs  as  long- 
as  the  converter  armattire  is  behind  the  generator,  but  the  retard- 
ing action  of  the  eddy  currents  lasts  oiflv  while  the  relative  posi- 
tions of  the  converter  and  generator  armatures  are  changing;  i.  e.. 
while  the  magnetic  flux  is  moving  across  the  pole  face.  The  eddy 
currents,  therefore,  do  not  act  as  a  constant  opposing  force  to  the 
corrective  currents,  but  as  a  true  damping  force,  becoming  zero 
whenever  tlie  generator  and  converter  armatures  revolve  wilhinit 
changing  their  relative  positions. 

I'll  to  this  point  a  sirigle  rotar\  converter  and  generator  have 
been  considered.  Wher.  two  or  more  converters  are  connected  h^ 
the  same  generator,  hunting  in  one  convener  mav  cause  trouble 
with  other  converters  connected  to  the  same  circuit  if  the  lagging 
and  leading  currents  due  to  the  hunting  are  large  enough  to  pro- 
duce serious  pulsatioiis  in  the  generator  voltage.  Dampers  on  the 
generator  field  poles  will  help  control  the  corrective  current"^  liow- 
ing  between  the  generator  and  hunting  converter,  the  action  of 
these  dampers  being  identical  with  those  on  the  rotarv  converter. 
For  this  reason  a  generator  designed  for  the  operation  of  the  rotary 
converters  is  usually  provided  with  vlam])ers  even  if  it  is  not  to  be 
operated  in  parallel  with  other  generators. 


APPLICATIONS  OF  ALTERNATING-CURRENT 
DIAGRAMS* 

III— TRANSFORMERS 

By  V.  KARAPETOFF 

THE  vector  diagram  of  a  transformer  gives  a  clear  picture  of 
the  performance  of  the  transformer  tinder  different  condi- 
tions of  load.  By  means  of  the  diagram  the  drop  of  volt- 
age in  a  transformer  for  any  given  load  can  be  predetermineil  with 
great  accuracy.  To  furnish  data  for  this  diagram,  two  simple  tests 
are  necessary — a  no-load  test  to  determine  the  ratio  and  iron  loss, 
and  a  sliort-circuit  test  to  give  the  inductive  drop.  It  is  assumed 
that  the  ohmic  drop  has  been  determined  in  the  usual  way. 

The  following  applications  of  the  diagram  will  be  considered 
in  this  lecture : 

(  I )      Diagram  of  an  ideal  transformer. 

(2)  Influence  of  iron  loss. 

(3)  Influence  of  copper  loss  and  leakage  flux. 

(4)  Approximate  practical  diagram  of  transformer. 

(5)  Experimental  determination  of  inductive  drop. 

(6)  Kapp's  diagram  for  predetermination  of  drop  and  regu- 
lation. 

(7)  Diagram  of  auto-transformer. 

(1)  .hi  ideal  transforuier  may  be  called  one  (a)  which  is 
built  of  perfectly  soft  iron,  possessing  no  hysteresis  loss;  (b)  which 
has  its  iron  so  perfectly  laminated  as  to  have  no  eddy  currents  pro- 
duced in  it;  (c)  the  ohmic  resistance  of  both  windings  of  whicli 
is  negligibl}-  small;  (d)  the  primary  and  secondary  coils  of  which 
are  so  closely  intcrvvound  that  there  is  no  leakage  flux. 

The  diagram  of  such  a  transformer  is  shown  in  Eig.  28.  Thi- 
diagram  is  based  on  the  two  fundamental  physical  facts:  (i)  Every 
magnetic  flux  is  in  phase  with  the  current  which  produces  it:  (2) 
the  induced  e.  m.   f.  always  lags  90  degrees  behind  the  magr.ctic 
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flux  inducing  it.  The  first  of  these  propositions  is  self-evident. 
Suppose  an  iron  core  to  be  magnetized  by  (hrect  current.  If  the 
current  be  increased,  the  magnetism  in  the  iron  increases  also ;  it 
diminishes  if  the  current  dimin- 
ishes, and  is  reversed  if  the  cur- 
rent is  reversed.  If  direct  cur- 
rent is  changed  periodically  ac- 
cording to  the  sine  law,  it  be- 
comes an  alternating  current. 
Thus  we  may  say  that  the  flux 
changes  periodically  and  in 
phase  with  the  magnetizing  cur- 
rent. The  second  proposition  is 
an  immediate  result  of  the  gen- 
eral law  of  induction,  that  the 
induced  e.  m.  f.  is  proportional 
to  the  rate  of  change  of  lines  of 
force  through  a  loop  of  wire.  At 
the  instant  when  the  flux  attains 
its  maximum  there  is  no  change 
in  the  number  of  lines  for  two  consecutive  moments ;  therefore  the 
induced  e.  m.  f.  is  zero.  At  the  moment  w^hen  the  flux  passes 
through  its  zero  value  its  rate  of  change  is  greatest ;  accordingly 
the  induced  e.  m.  f.  is  then  maximum.  Thus  when  the  flux  is  maxi- 
mum the  e.  m.  f.  is  passing  through  zero  in  the  same  direction,  and 
when  the  flux  *in  zero  the  e.  m.  f.  has  reached  its  maximum.  Con- 
sequently, the  e.  m.  f.  lags  90  degrees  behind  the  flux. 

In  Fig.  28  the  horizontal  vector  represents  the  magnetic  flux 
of  a  transformer;  d  and  e-.  are  the  e.  m.  f.'s  induced  by  this  flax  in 
the  primary  and  in  the  secondary  windings  respectively.  Both  are 
lagging  90  degrees  behind  the  flux. 


FIG.   28 


e\ 


No> 


=  —  where  ni   and  m  arc  the  corresponding  number 


c^ 


of  turns  in  th(;  windings.     The  applied  e.  m.  f.   is  represented  by 
vector  £■»  equal  and  oppositely  directed  to  Cu 

If  primary  voltage  is  kept  constant,  the  secondary  voltage  is 
also  constant  (assuming  an  ideal  transformer).  The  secondary 
current  depends  entirely  upon  the  secondary  circuit. 
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If  the  transformer  has  to  dehver  fT  watts  at  p  per  cent,  power- 
factor,  the  secon(iar\-  current  can  be  found  from  the  equati')!! 

\          ■     ^          .          ^^' 
Wt^Cz  /-■ .or  I-  =: lOO. 

lOO  C^  /) 

As  was  explained  before,  the  flux  and  magnetizino-  current  are 
in  phase,  so  the  primary  ampere  turns  /i  n  are  composed  of  two 
elements:  /'.-  //i,  the  magnetizing  portion  and  MA\  the  working  por- 
tion to  balance  /-  n^  in  the  secondary  circuit. 

The  magnetizing  ampere  turns  /'"  //i  can  be  calculated  from  the 
magnetic  resistance  of  the  iron  path  as  in  direct-current  apparatus. 

lO 

where  R  is  the  magnetic  resistance  or  reluctance  of  the  iron. 

In  practice  it  is  usually  assumed  that  the  currents  in  a  trans- 
former are  mverselv  proportional  to  the  number  of  turns  in  the 
windings,  or,  what  is  the  same,  to  the  voltages.  This  is  very  nearly 
true,  because  in  good  transformers  the  magnetizing  current  U  is 
very  small  compared  to  load  currents,  so  that  we  can  say 


I2  111  Ci 

An  example  may  show  the  application  of  the  above  diagram 
under  the  assumption  that  there  are  no  losses. 

Example — \\'ith  the  sec-  o- 

ondary    circuit    open    the  /'         ^v'^  / 

primary  is  connected  to  a 
source  giving  i  100  volts. 
The  following  are  the  read- 
ings :  Primary  voltage  i  100 
volts,  secondary  voltage 
no  volts,  primary  (mag- 
netizing) current  1.5  am- 
peres. It  is  required  to 
find  the  primary  current  ac 
a  small  load  of  3.5  kw,  and 
a  large  load  of  100  kw. 
The  power  factor  of  the 
load  is  supposed  to  be  80 
]X'r  cent,  in  both  cases.  Fig. 
29  shows  the  vector  dia- 
.2:i-am.  ,.,c.  29 
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In  the  first  case  the  secondary  current  is 

3500 

=  40  amperes. 


1 10  X  .80 

This  reduced  to  the  primary  circuit  by  the  usual  method  gives 
4  amperes  of  load  current.  Completing  the  parallelogram  (Fig.  29), 
we  find  /i=:0.-Ji=5  amperes,  and  dropping  perpendicular  A^.  C,  we 

OC 
find  power  factor  as ^  64  ;/.     For  the  load  of  100  kw  the  sec- 

100,000 

ondary  current  is  ;  = ^  114  amperes.     The  directions  of 

1 10  X  .80 
tl;e  sides  of  the  parallelogram  are  shown  in  Fig.  29  by  dotted  lines. 
It  is  evidenl:  from  the  figure  that  practically  both  sides  may  be  as- 
sumed as  equal  and  parallel,  so  large  is  114  as  compared  wdth  1.5. 
Therefore  the  primary  current  is  very  nearly  114  amperes,  and  the 
condition  n  iu  =  f:  7;^  is  satisfied.  W'e  purposely  selected  a  small 
load  and  a  normal  one  to  show  that  relation  /i  iu  =  i^  iu  is  only 
satisfied  if  the  magnetizing  current  is  small  compared  with  working 
current.  Practically,  in  good  transformers  the  ratio  of  currents  is 
very  nearly  the  ratio  of  the  number  of  turns  unless  the  load  is  under 
20  per  cent,  of  full  load. 

This  should  be  borne  in  mind,  especially  in  the  application  of 
transformer  diagrams  to  induction  motors,  which  in  some  respects 
are  like  transformers,  as  the  priniary  currents  in  the  stator  induce 
currents  in  the  rotor  as  a  secondary.  But  the  magnetizing  current 
is.  comparatively,  much  larger  than  in  transformers,  due  to  the  air 

(2)  hiHueiice  of  Iron  Loss — Each  periodical  magnetization  of 
iron  demands  a  certain  amount  of  energy  to  overcome  losses  due  to 
hysteresis  and  Foucault  currents.  In  the  diagram  of  Fig.  28  it  was 
supposed  that  the  magnetizing  current  was  a  wattless  current  lag- 
ging 90  degrees  behind  the  e.  m.  f.  In  reality,  besides  this  compo- 
nent O.!/,  another  component  MM^  (Fig.  30)  is  necessary  to  over- 
come the  iron  losses.  Consequently,  the  total  no-load  current  O.U' 
is  somewhat  leading  the  magnetic  fiux  instead  of  coinciding  with  it 
as  would  be  tlie  case  with  ideal  iron  or  in  transformers  without  iron, 
such  as  the  high-frequency  transformers  used  in  wireless  telegraphy. 
In  other  respects  Fig.  30  is  the  same  as  Fig.  28,  as  shown  by  dotted 
lines. 

If  desired,  the  component  MM'  of  the  magnetizing  current  may 
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be  assumed  to  flow 
through  a  special  wind- 
ing in  parallel  with  the 
actual  primary  winding 
of  the  transformer.  In 
this  way  the  iron  loss 
can  be  replaced  by  a 
copper  loss  in  this  imag- 
inary winding.  The  dia- 
gram remains,  of  course, 
the  same;  current  O  A^ 
flowing  through  the 
transformer,  c  u  r  rent 
MM'  flowing  through 
the  imaginary  external 
winding.  Their  sum 
OAi  is  supplied  from 
the  line. 

(3)      Copper     Loss 
and   Leakage — The    ter- 
minal   pressure    on    the 
primary  of  a  real  trans- 
former has   not   only  to 
balance  the  counter  e.  m. 
f.,  induced  by  the  mag- 
netic  flux,  but  also   has  ^^^-  ^° 
to  be  in  excess  of  it  to  overcome  the  ohmic  resistance  of  the  primary 
winding  and  the  inductive  resistance  in  it  caused  by  the  magnetic 
leakage. 

Leakage  in  transformers  is  produced  by  a  certain  number  of 
magnetic  lines  not  being  interlinked  with  both  primary  and  second- 
ary windings.  The  amount  of  this  leakage  is  very  small  in  good 
modern  transformers  because  the  primary  and  secondary  windings 
are  interlaced  in  several  layers.  This  leakage,  however,  cannot  be 
completely  obviat- 
ed. The  leakage 
lines  of  force  in- 
duce a  counter 
e.  m.  f.  in  the  pri- 
mary which  is  not 
transmitted  in  the 
secondary   a  n  d    so  pic.  31 
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causes  a  loss  of  voltage,  much  like  the  loss  of  voltage  due  to  the 
ohmic  resistance  of  the  primaiv  wiiKling.  The  same  two  causes 
also  diminish  the  secondary  terminal  voltage.  To  take  these  losses 
into  account,  imagine  the  transformer  itself  as  an  ideal  transformer 
but  having,  connected  in  series  with  it  an  ohmic  resistance  equal  to 
that  of  the  actual  transformer  and  a  choke  coil  possessing  an  in- 
ductive resistance  equal  to  that  due  to  leakage  flux  of  the  trans- 
former (Fig.  31). 

The  corresponding  complete  diagram  of  the  actual  transformer 
is  shown  in  Fig.  32.  As  before  ©5' =:t'i  and  OB^^^c-  the  induced 
e.  m.  f.'s  in  primary  and  secondary.  O.^i  and  OA-  are  the  currents. 
The  ])ressure  ri  applied  between  the  points  K  and  L  (Fig.  31)  has 
to  be  larger  than  Ci  by  an  amount  necessary  to  overcome  the  ohmic 
drop  in  r>  and  the  ir.ductive  in  .ri.  The  ohmic  drop  is  represented 
b\-  the  vector  B^  Ci  =  ii  ri,  parallel  to  the  primary  current 
ii.     The    inductive    droj)  ^ 

is  represented  by  C^Di=-- 
/i.ri,  ])erpendicular  to  /i. 
The  applied  e.  m.  f.  Ei  is 
O  D.=0  B^-^B'-  O-j- 
C^D^  by  geometrical  ad- 
dition. 

In  a  similar  wav  the 
ondary  terminals  is  less 
than  the  induced  e.  m.  f. 
r-'  by  the  amount  lost  in 
the  secondary  resistance 
r--  and  inductance  .r^. 
These  losses  are  repre- 
sented on  the  diagram 
by  the  vectors  C^  5--= 
i-^  )■■-  and  D-  O^/j  .r-.  re- 
spectively parallel  a  n  d 
perpendicular  to  the  sec- 
ondary current.  The  re- 
sultant secondary  volt- 
age is  E-^=0  D^  =  0  5= 
— O  B^  — D.  C\-  by  geo- 
metrical subtraction. 

Fig.  32  shows  a  com- 
plete diagram  of  a  trans- 
former   in    which    iron 
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FIG.  32 
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losses,  copper  losses  and  magnetic  leakage  are  taken  into  account. 
It  is  evident  that  with  an  actual  transformer  a  higher  primary  volt- 
age ni.ust  be  applied  than  would  be  necessary  if  there  were  no 
losses.  On  the  other  hand  a  g"iven  primary  voltage  gives  a  lower 
secondary  voltage  than  an  ideal  transformer.  In  this  way  we  come 
to  the  conceptions  of  drop  in  a  fransfovmcr  and  regulation  of  a 
transformer.  Suppose,  for  instance,  the  ratio  of  a  transformer  to 
be  I  ooo  to  loo — i^hat  is,  at  no-load  i  ooo  volts  on  the  primary  gives 
loo  volts  on  the  secondary.  At  full  non-inductive  load  the  same 
I  ooo  volts  en  the  primary  will  give  only,  say,  98  volts  on  the  sec- 
ondary. It  is  then  said  that  the  transformer  has  a  drop  of  2.o_L  oer 
cent,  at  full  non-inductive  load.  Both  primary  and  secondary  drop 
is  included  in  it. 

If,  at  80  per  cent,  power  factor,  the  same  transformer  gives  97 
volts  secondary  at  full  load,  then  it  is  said  that  the  regulation  of  the 
transformer  is  3.09  per  cent,  at  full  load  and  80  per  cent,  power 
factor.  These  percentages  are  based  on  the  full-load  values  of  sec- 
ondary voltage. 

In  giving  guarantees  for  drop  or  regulation,  it  is  very  important 
to  state  clearly  for  what  power-factor  these  guarantees  are  given. 
It  is  easy  to  see  from  Fig.  32  that  the  smaller  angle  of  lag  D'  O  Ai 
is,  the  nearer  to  a  right  angle  OD^C^  becomes,  and  the  less  efifect 
D.  Ci  has  in  reducing  the  value  of  Ek  The  cosine  of  angle  Di  0  A^ 
is  the  power-factor  at  which  current  is  being  delivered  to  the  trans- 
former. Therefore,  a  larger  leakage  may  be  allowed  in  a  trans- 
former that  is  expected  to  work  on  an  incandescent  light  load  than 
on  one  tiiat  must  work  en  a  load  consisting  of  both  light  and  power. 
The  inductive  drop  being  at  right  angles  to  the  current  on  the  light- 
ing load,  it  has  but  little  effect. 


THE  FIRST  AID  TO  THE  INJURED* 

By  IRA  N.  FIX.  M.  D. 

WHI\X  ail  injury  occurs  through  some  accident  the  future 
welfare  of  the  injured  person  depends  largely  on  the 
immediate  aid  which  can  be  secured  before  the  arrival 
of  a  physician.  The  purpose  of  this  paper  is  to  give  an  outline  of 
the  general  procedure  for  cases  where  the  nature  of  the  injury  is 
not  clear. 

Assume  that  an  accident  has  occurred. 

If  possible  first  secure  a  stretcher,  place  the  patient  upon  it, 
removing  him  from  the  cold  floor,  and  wrap  him  in  the  blankets 
attached  to  the  stretcher.  This  is  done  because  every  case  of  acci- 
dental injury  is  accompanied  by  shock,  which  is  a  condition  of  vital 
depression  and  which  may  be  of  any  degree  of  intensity,  from  a 
slight,  evanescent  and  hardly  appreciable  disturbance  of  the  mental 
force,  to  the  most  profound  depression  and  speedy  death. 

The  symptoms  of  shock  are  those  of  general  depression ;  the 
skin  is  pale  and  cool,  the  pulse  is  feeble  and  rapid,  the  breathing 
is  shallow  and  irregular,  the  bodily  temperature  is  lowered,  a  sense 
of  faintness  is  felt  by  the  individual;  or  if  the  shock  is  great,  total 
loss  of  consciousness  occurs.  The  functional  activity  of  all  the 
organs  of  the  body  is  interfered  with  and  there  is  a  sense  of  mus- 
cular powerlessness. 

Having  cared  for  the  patient  regarding  shock,  examine  him  for 
objective  injuries.  Suppose  a  wound  is  foimd  which  is  bleeding 
freely  from  a  severed  \ein  or  artery,  how  shall  the  bleeding  be 
stopped  ?  There  are  two  forms  of  hemorrhage,  arterial  and  veinous : 
the  former  from  a  severed  artery,  the  blood  coming  from  the  heart, 
necessitates  the  placing  of  the  constriction  between  the  wound  and 
the  heart ;  while  the  latter,  being  a  vein  in  which  the  blood  is  flow- 
ing from  the  extremities  to  the  heart,  the  constriction  is  placed  be- 
tween the  wound  and  the  extremity. 

As  soon  as  the  hemorrhage  is  controlled  the  woimd  must  be 
dressed  with  clean  cloth  or  cotton.    This  done,  the  preliminary  work 
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is  finished.  The  habit  of  covering  a  wound  with  shehac,  or  the 
abominable  practice  of  placing  filthy  tobacco  on  the  wound  should 
never  be  allowed,  as  the  wound  is  infected  and  the  person  is  liable 
to  be  inoculated  with  syphilis  or  similar  diseases. 

In  case  a  fracture  of  a  limb  is  discovered,  whether  simple  or 
compound,  the  first  requirement  is  to  hold  the  broken  member  quiet 
in  order  to  prevent  the  ragged  ends  of  the  bones  from  tearing  the 
tissues.  This  is  accomplished  by  application  of  a  splint,  which  may 
be  a  board  of  suitable  dimensions,  or  anything  available  to  which 
the  limli  can  be  rigidly  fastened. 

Injuries  of  a  difl:'erent  and  more  serious  nature  which  will  next 
be  considered  are  those  resulting  from  burns.  In  these  cases  we 
find  the  conditions  of  shock  most  pronounced  and  the  suffering  most 
acute,  yet  the  treatment  is  best  defined.  In  all  cases  of  burns  the 
air  must  be  excluded  from  the  burn  by  applying  any  heavy  oil  dress- 
ing, the  most  efi'ectual  being  linseed  oil,  or  still  better,  equal 
quantities  of  linseed  oil  and  lime  water  applied  on  soft  muslin  and 
covered  with  a  thick  layer  of  cotton. 


FIG.    I — ARTIFICfAL  RESPIRATION — FIRST   POSITION 


A  class  of  cases  which  occasion  a  great  deal  of  excitement  and 
for  which  very  little  can  be  done  are  those  where  the  patient  loses 
consciousness  without  any  apparent  reason.  There  are  a  number 
of  troubles  which  will  cause  this  condition,  and  it  requires  one  edu- 
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cak'd  in  diagnosis  to  difteicnliate  between  tlieni.  The  person  may 
have  fainted,  he  may  have  had  an  epileptic  seizure  or  a  stroke  of 
apoplexy,  it  ma\'  be  acute  alcoholism,  or  he  may  have  received  an 
electric  shock. 

If  it  is  certain  that  it  is  not  a  case  of  electric  shock,  proceed 
exactly  as  under  conditions  of  surirical  shock  already  considered. 
However,  if  anv  suspicion  of  electric  shock  is  entertained,  the  pa- 
tient should  be  immediatelv  placed  in  position  for  artificial  respira- 
tion, preferably  on  a  table  with  a  cushion  under  his  shoulders  to 
elevate  them  slightly.  Then  bring  his  arms  down  until  his  hands 
rest  on  his  chest,  grasp  his  wrists  and  press  firmly  against  the 
lower  walls  of  the  chest  for  a  few  seconds,  then  raise  the  arm;  out- 


FIG.    2 — ARTIFICIAL   RESPIRATION — SECOND   POSITION 

ward  and  upward  until  the  hands  meet,  drawing  firmly  upward  for 
a  few  seconds ;  repeat  this  procedure  ten  or  fifteen  times  a  minute. 
The  two  extreme  positions  are  shown  in  the  two  photographs.  The 
efforts  of  resuscitation  must  be  continued  for  an  hour  or  more, 
with  stimulants  used  hypodermically  and  with  artificial  warmth. 
Unfortunately  we  are  not  always  able  to  secure  the  results  we  seek, 
but  ei^orts  should  be  continued  as  ]ouq:  as  life  remains. 
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FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY— V 

By  R.  E.  WORKMAN 

(b)     Regulatiox  Tes'j-  r.v  Loadixg-Back  Methods: 
(i)      Where  a  motor  is  obtainable  of  a  capacity  equal  to  or 
greater  than  that  of  the  generator  to  be  tested.     A  driving  motor 
of  sufficient  capacity  to  supply  the  full  load  losses  of  the  two  other 
machines  is  also  required. 

Preparations  for  Test — The  three  machines  are  belted  together 
and  the  connections  made  as  shown  in  Fig.  23.  As  the  machines 
which  are  leading  back  on  one  another  are  practically  running  as 
generators  in  parallel,  with  currents  circulating  in  their  armatures 
due  to  differences  in  the  e.  m.  f.'s  induced,  it  is  necessary  for  stabil- 
ity that  their  e.  ,m.  f.  characteristics  should  be  similar.  Thus,  if  a 
shunt- wound  generator  is  to  be  tested,  it  should  be  loaded  back  on 
a  niachine  wliich  is  running  as  a  shunt-wound  machine.  If  a  com- 
pound-wound generator  is  to  be  tested,  it  should  be  loaded  back  on 
a  comipound- wound  machine.  In  this  latter  case  it  should  be  noted 
that  the  series  coils  of  the  machine  which  is  to  generate  the  lower 
e.  m.  f.,  which  is  practically  tf  run  as  a  motor,  must  be  so  coimect- 
cd  as  to  strengthen  the  field  with  an  increase  in  the  load.  This 
means  that  if  the  machine  is  connected  for  constant  potential  when 
lun  as  a  generator,  its  coils  must  be  reversed  before  a  generator 
can  be  loaded  back  upon  it.  The  reason  for  this  will  be  obvious 
if  it  is  remembered  that  for  the  same  i)olarity  of  fielfl  and  tho  same 
direction  of  rr)tation  in  tlie  same  machine,  the  current  in  the  arma- 
ture will  be  in  the  ojjposite  direction  in  a  motor  from  what  it  is  in 
a  generator. 
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Conduct  of  Test — The  main  and  field  switches  of  the  two  ma- 
chines are  opened,  the  driving  motor  started  from  a  panel  or  start- 
ing table  and  its  speed  adjusted  so  that  the  generator  shall  run  at 
its  designed  s])cc(l.     The  brushes  of  the  two  machines  must  now  be 
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FIG.    23 CONNECTIONS   FOR   REGULATION    TEST   BV    LOADING    BACK    METHOD 

set  on  trial  full-load  positions,  that  of  the  machine  to  be  tested  in 
advance  of  the  no-load  neutral;  that  of  the  other  machine,  as  it  is 
to  run  as  a  motor,  behind  the  no-load  neutral  position.  The  field 
switch  of  the  generator  under  test  may  be  closed  and  its  voltage 
adjusted  bv   means   of  the  rheostat  in   its   shunt  field.     The   same 
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may  then  be  done  in  the  case  of  the  other  machine.  The  voltage 
of  the  machines  must  be  brought  to  exactly  the  same  value  and, 
this  being  done,  the  main  switch  closed,  paralleling  the  two.  While 
closing  the  switch  the  main  ammeter  should  be  watched  carefully, 
as,  if  the  series  coils  in  one  of  the  machines  should  be  reversed,  a 
very  rapid  rise  in  the  current  might  be  the  result.  If  this  should 
happen,  the  circuit  breaker  should  at  once  be  tripped,  and  the  fault 
remedied. 

As  in  the  test  with  resistance  load,  the  order  of  reading  is: 

(i)  No-load  reading  to  adjust  shunt  field  resistance  for 
proper  terminal  voltage  at  no  load. 

(ii)  Full-load  reading  to  adjust  the  resistance  required  on 
the  shimt  to  the  series  winding. 

(iii)  Intermediate  readings,  all  adjustments  being  left  the 
same  as  in  (ii). 

The  load  is  raised  by  weakening  the  field  of  the  machine  run- 
ning as  a  motor. 

The  speed  is  held  constant  throughout  by  adjusting  the  shunt 
field  rheostat  of  the  driving  motor. 

In  the  case  of  smaller  machines,  where  the  line  voltage  may 
be  adjusted  at  will  by  means  of  a  booster  or  by  field  regulation  in 
the  generator  supplying  the  power,  it  is  possible  to  make  the  regu- 
lation test  without  a  driving  motor.  The  two  machines  belted  to- 
gether are  run  in  parallel  across  the  lines.  It  will  be  seen  that  for 
certain  vahies  of  the  shunt  currents,  the  two  machines  will  run  as 
motors,  at  a  definite  speed,  without  any  torque  between  them.  As 
soon,  however,  as  the  shunt  current  of  one  of  the  machines  is  in- 
creased, the  conditions  are  altered.  The  machine  whose  shunt  cur- 
rent has  been  increased  will  begin  to  act  as  a  generator,  and  send 
current  back  to  the  line.  The  other  machine,  as  it  has  to  drive  the 
one  which  is  acting  as  a  generator,  will  have  its  current  increased, 
so  that,  virtually,  current  will  circulate  between  the  two  machines 
just  as  in  the  last  test. 

Preparations  for  Test — The  connections  are  made  as  shown  in 
Fig.  24,  and  the  brushes  set  on  trial  full-load  position,  as  before. 
The  same  precautions  nuist  be  taken  to  see  that  the  scries  windings 
arc  working  in  the  proper  way. 

Conduct  of  Test — The  motor  is  started  from  a  panel  or  start- 
ing table  and  brought  to  speed,  all  the  generator  switches  being 
open.     The   generator   shunt-field    switch   must   now   be   close<l.   its 
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voltage  broui^ht  up  and  the  two  machines  paralleled,  as  in  the  last 

test.     The  readings  may  now  be  taken  in  much  the  same  wav  as 
before,  the  order  being : 

No-load   readmg.  to  adjust   thp   shunt-field   resistance,  so  that 
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riG.   24 — CuNNECTK.Ns   FOK   KECiULATlOX   TEST   1!V    L().\1)I\G   liACK    METHlJD 

the  machine  shall  give  the  proper  voltage  at  no  load.  This  may 
be  done  either  before  or  after  the  machines  a'-e  paralleled,  the  volt- 
age being  held  al  the  proper  value,  the  speed  brought  right  by 
manipulating  the  shunt  rlieostat  and  the  jirnpcr  sliunt  resistance 
for  the  generator  found. 
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Full-load  reaclino  to  adjust  the  resistance  of  the  shunt  to  the 
series  winding-. 

Intermediate  readings  to  determine  regulation  curve. 

The  set  should  be  shut  down  by  tripping  the  circuit  bri.-aker 
between  the  power  and  the  motor. 

(2)  When  the  generator  has  a  voltage  much  higher  than  that 
of  the  only  obtainable  motor  to  run  it  with,  but  a  similar  current 
capacity,  the  last  mentioned  test  requires  to  be  amended.  As  the 
load  of  the  generator  is  greater  than  the  maximum  permissible 
load  of  the  motor,  it  becomes  necessary  to  take  up  the  excess  by 
means  of  resistance  in  series  with  the  machine. 

Prparations  fcr  Test — The  same  table  is  used  as  in  the  last 
two  tests,  and  the  machines  belted  together  in  the  same  wav.  The 
connections  are  then  made  as  in  Fig.  25. 

Conduct  of  Test — The  driving  motor  is  started  up  as  before, 
the  field  switches  and  main  switch  of  the  two  machines  being  open. 
The  brushes  of  both  generator  and  motor  are  set  on  trial  full-load 
positions,  their  field  switches  successively  closed,  the  voltage  of  the 
two  machines  brought  as  nearly  equal  as  possible  and  the  main 
switch  closed.  As  before,  the  main  ammeter  should  be  carefully 
watched  when  throv.'ing  in  the  main  switch,  and  if  anything  goes 
wrong  the  circuit  breaker  should  at  once  be  tripped.  When  the 
machines  have  been  successfully  paralleled  the  voltage  of  the  gen- 
erator may  he  brought  to  its  correct  value,  while  that  of  the  'uotor 
is  held  as  high  as  possible.  The  load  is  applied  by  decreasing  the 
an.iount  of  rack  resistance  in  the  circuit  (the  reason  for  this  is  obvi- 
ous if  it  is  remembered  that  the  effect  of  the  rack  is  to  compensate 
for  the  difference  of  voltage  in  the  two  machines  by  means  of  the 
drop  of  potential  in  its  length.  In  order  that  the  number  of  volts 
drop  in  the  rack  may  remain  similar  wdien  the  load  is  increased,  the 
rack  resistance  must  evidenth-  be  decreased.)  In  order  to  tix  the 
resistance  required  on  the  shunt  to  the  series  winding,  it  will  be 
necessarv  to  take  successive  readings  of  the  full-load  voltage  and 
the  voltage  with  the  circuit  o]:)en,  as  it  is  impossible  t<t  bring  down 
the  load  to  zero  without  opening  the  circuit.  In  shutting  down, 
the  driving  motor  may  be  stopped  straight  away  by  trii)]:)ing  its  cir- 
cuit breaker. 

Precautions  to  be  Observed — It  is  imjxn-tant  that  the  load 
should  be  distributed  between  the  motor  and  the  rack  so  that  the 
motor  gets  its  maximum  load.  As  little  load  as  possible  slmiild  l)e 
put  in  the  rack,  so  thai  the  driving  motor  in])ut  may  be  as  small  as 
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possible.  If  the  load  on  ilie  machine  rnnnin;;"  as  a  motor  is  too  high 
it  may  be  lowered  by  increasing  its  field  current,  the  generator  load 
being  readjusted  by  decreasing  the  rack  resistance. 

(3)      In  the  case  of  a  generator  having  the  same  voltage  as  the 
machine  with  which  it  is  to  run,  but  a  greater  current  carrying  ca- 
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FIG.  25— CONNECTIONS  FOR  REGULATION  TEST  BY  LOADING  BAGK   METHOD 

pacity  than  this  machine,  it  is  necessary  to  put  a  rack  in  parallel 
with  the  latter,  in  order  to  take  up  the  surplus  load. 

Preparations  for  Test — This  test  is  carried  out  In  exactly  the 
same  way  as  (i)  except  that  the  rack  is  used  to  prevent  the  over- 
loading of  the  machine  running  as  a  motor.  The  connections  are 
made  as  shown  in  Fig.  26. 

Precautions  to  be  Observed — The  load  must  be  properly  dis- 
tributed between  the  rack  and  the  motor,  as  in  the  last  test. 
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Working  up  Results — The  results  from  the  different  methods 
are,  of  course,  the  same  ;  the\-  are  taken  directly  from  the  readings, 
corrected  for  the  calibration  of  the  instrument.  The  following  ex- 
ample will  explain  how  the  curves  are  plotted : 

Asuneter. 


ShiMit  to  Series 


Rack. 

:  of  G^nncctions. 


FIG.   26 CONNECTIONS   FOR  REGULATION   TEST  BY   LOADING  BACK   METHOD 

Example — The    same    machine    as    in    the    preceding    tests- 
500  kw,  550  volts,  910  amperes,  514  r.  p.  m. 
The  following  readings  were  obtained : 


EXTERNAL   AMFEKES 
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Till'  coniiiDundinjj-  r(.'(|viirc(l   is  such  as  to  give  500  volts  at  no 
load,  and  550  volts  at  lull  luad. 

These  values  are  plotted  in  the  accompanying  curve.  Fig.  2"; : 
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KIG.   J7 — KEGLLATION    AND  EFFICIENCY   CURVES  OF   A   DIRECT-CURRENT   GENERATOR 

I'j'i'icii-:NCv  FROM  Losses — The  foregoing  tests  serve  as  a  hasis 
for  the  calculation  of  the  efficiency  curve.  This  curve  gives  the 
relation  of  the  efficienc}'  to  the  external  current  of  the  machine.  It 
will  he  sufficient  to  indicate  the  method  of  calculation  for  one  ])oinc 
on  the  curve,  say  the  full-load  point.  The  500-k\v  machine  used 
above  as  an  example  will  be  that  considered.  The  necessary  data 
and  steps  in  the  calculations  are  given  below  with  the  actual  ligures 
for  the  full-load  efficiency. 

(i)      h'xternal  am])eres — 910   (full-load  current). 

[  z)  Terminal  volts — 550  (full-load  voltage,  taken  from  regu- 
lation curve  for  '.)io  amjjeres). 

(3)  Field  amperes — 4.68  (taken  from  regulaliLm  curve  for 
550  volts). 
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(4)  Armatuie  amperes — 914.7  (external  amperes  -|-  field  am- 
peres). 

(5)  Resistance  of  armature  and  series  field  windings — .0042 
ohms   (found  as  described  below). 

(6)  Armature  and  series  field  copper  loss — 7880  watts  [(ar- 
mature current)"  X  resistance  of  armature  and  series  field.] 

(7)  Shunt  field  and  rheostat  copper  loss — 2575  watts  (ex- 
ternal volts  X  field  amperes). 

(8)  Brush  TR  loss — 1670  watts  (found  as  described  below). 

(9)  \'olts  lost  in  armature  and  series  field — 8.61  (arriiature 
current  X  resistance  of  armature  and  series  fi.eld). 

(10)  \'olts  lost  in  brushes,  leads,  etc.,  —  2   (assumed). 

(11)  Total  volts  induced  in  armature  560.6  [sum  of  terminal 
volts  and  lost  volts  =  (2)  -[-  (9)  -f-  (10). J 

(  12)  Iron  loss — 9505  watts  (taken  from  iron  loss  curve  op- 
posite 560.6  volts). 

(  13)      Brush  friction — 2530  watts  (found  in  loss  tests). 

(  14)      Friction  and  windage — 1980  watts  (found  in  loss  tests). 

(15)  Total  losses— 26.14  kilowatts  [(6)  -f  (7)  +  (8)  +  (12) 
+  (i3)-f  (I4).J 

(16)  — Output  500  kilowatts  (external  amperes  X  terminal 
volts  K 

(]/)     Input  526.1  kilowatts  (output    -flosses). 
(18)      Efficiency  95.2  (output -^  input). 

COI'PER  LOSSES 

These  are  all  taken  at  a  temperature  of  50°  C. 

The  shunt  to  the  series  winding  had  a  resistance  of  .00268  ohm. 

Armature  resistance  reduced  to  its  equivalent  at  50°  C.=.oo833 
ohm. 

Series  field  resistance  reduced  to  its  equivalent  at  50°  €.=.00183 
oimi. 

Resistance     of     series     field     and     its     shunt,     in     parallel  = 

.00268  X  .00183 

ohm  =:  .00109  ohm. 

.00268 -f- .00 1 83 

Resistance  of  armature  and  shunted  series  field  in  series^: .00942 
ohm. 

'Idle  copper  loss  in  armature  and  series  field  is,  therefore, 
( ((14.7  )'  X  .00942  =  7880  watts. 
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l^Krsi;  77^  Loss — This  is  found  by  the  use  of  a  formula  de- 
tLTinined  b_\-  means  of  a  series  of  exhaustive  experiments.  Thout^li 
for  anv  special  form  of  brush  or  quality  of  carbon,  it  may  give  re- 
sults different  from  the  actual,  a  very  good  approximation  is  given 
when  ordinary  bruslies  are  used.  The  formula  takes  the  form  of 
a  relation  between  the  current  density  in  the  brushes  and  the  volts 
drop  from  terminal  to  terminal  of  the  machine  due  to  the  brushes 
alone.  The  current  density  in  the  brushes  for  a  given  armature 
current  is  fomid  by  dividing  the  armature  current  by  the  area  of 
half  the  total  number  of  brushes,  i.  e.,  the  area  of  the  number  of 
brushes  in  parallel.  This  is  taken  in  amperes  per  square  inch.  The 
relation  mentioned  above  is : 

Up  to  ten  amperes  per  square  inch,  current  density,  the  drop 
for  every  ampere  per  square  inch  is  .125  volts. 

Above  ten  amperes  per  square  inch,  current  density,  the  drop 
for  every  ampere  per  square  inch  is  1.25  volts  -f-  .025  volt  for  everv 
ampere  per  square  inch  above  10. 


5  Amperes  per  s(|uare  inch 
10 
15 

20  "  "         "         " 

25 
30 
35 
40 


0.625  Volts 

1.250 

1.262 

1-275 
1.287 
1.300 
I  312 
1.325 


In  order  to  find  the  loss  in  the  brushes  due  to  this  drop,  it  is 
simply  necessary  to  multiply  the  drop  by  the  armature  current  flow- 
ing. 

In  the  case  under  consideration  the  area  of  half  the  number  of 
brushes  is  27.6  square  inches.  The  current  density  is  therfore  33 
amperes  per  square  inch. 

The  equivalent  drop  is  thus  i.25-f-.575  volt=r  1.825  volts,  and 
the  loss  =  914  X  1.825  =  1670  watts. 

The  efficiency  curve  and  the  curves  of  input  and  output  are 
shown  in  Fig.  27. 


A  NOTE  ON  CENTRAL  STATION  DEVELOPMENT^^ 

By  W.  C.  L.  EGLIN 

IX  THE  construction  of  the  early  central  station,  the  installation 
of  the  electrical  equipment  occupied  only  a  minor  position.  The 
general  plan  of  the  station  was  invariably  arranged  to  best  suit 
mechanical  requirements,  frequently  at  the  expense  of  the  electrical 
equipment.  The  engines  and  generators  were  usually  on  different 
floors  and  connected  together  with  driving  mechanisms  consisting 
of  an  elaborate  system  of  belling,  shafting  and  friction  clutches. 
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The  highest  development  of  the  central  station  from  a  me- 
chanical standpoint  was  reached  when  the  shafting  and  couplings 
became  sufficiently  complicated  to  enable  any  generator  to  be  run 
by  any  engine,  and  any  generator  to  be  shut  down  independently 
of  the  others.  Fig.  i  shows  the  dynamo  room  of  such  a  station  in 
Philadelphia  as  it  appeared  prior  to  its  reconstruction  by  the  Phila- 
delphia Electric  Company. 

Experience  has  shown  that  the  electric  generator  was  not  the 
weakest  point  in  the  system,  and  that  its  faults  were  much  less  than 
the  complicated  system  of  shafting  and  clutches  which  really  formed 
the  most  unreliable  part  of  the  station,  and  caused  most  of  the 
shutdowns,  thus  defeating  the  very  object  for  which  they  were  in- 
stalled. Fig.  2  shows  the  reconstruction  of  this  station  and  the 
elimination  of  all  friction  clutches  and  unnecessary  shafting.     From 
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this  view  will  be  readily  appreciated  the  reduction  in  the  cost  of 
installation  and  the  reduced  cost  of  operation  and  maintenance  :  and 
the  vcr\-  heavy  friction  loss  which  has  been  reduced  by  the  removal 
of  the  intermediate  shafts  and  the  simplified  construction.  The  de- 
crease in  the  friction  load  after  the  change  was  about  200  hp. 
With  the  development  of  the  engine  t\pe  of  generators,  the  driving 
of  the  generators  has  been  reduced  to  its  simplest  form,  materially 
simpllfving  the  mechanical  construction  of  the  station. 

The  increased  size  of  the  units,  and  the  higher  voltage  at  which 


tliey  are  operated  has  necessitated  the  development  of  more  elabor- 
ate electrical  auxiliaries  which  require  able  engineering  skill,  both 
in  ihe-ir  manufacture  and  installation  ;  so  that  to-dav  the  electrical 
e(|uipment  is  the  m.ost  nuportant  part  of  the  station.  Among  the 
noticeable  features  in  the  development  of  the  central  station  is  the 
continuing  increase  in  the  capacity  per  unit  of  area.  The  Christian 
street  station  of  the  T'hiladelphia  Electric  Company  has  over  ten 
times  the  ki'owatt  ca])acity  per  unit  area  of  the  station  slunvn  in 
iMg.  I.  and  the  amount  of  sjiace  occupied  by  the  controlling  and 
flistril)uting  apparatus  has  increased  from  ten  to  twentv  timos  over 
that  of  the  older  stations. 
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Items  from  the  Note  Book  of  the  Apprentice 

Till-:  Air-Gap  of  Turdo-Generators — The  average  observer, 
\\hen  tirst  inspecting  a  Westinghoiise  turbo-generator,  immediately 
asks  "llliy  is  the  air-gup  so  large F" 

The  large  air-gap  is  due  to  two  elements  of  design,  viz.,  the 
large  output  per  pole  as  compared  with  slower-speed  generators, 
and  the  relation  between  the  section  of  the  body  of  the  poles  and  the 
area  of  the  pole  faces. 

If  we  compare  a  moderate-speed,  engine-type  generator,  as  for 
example  a  3ilanhattan  5  ooo-kw  generator  and  a  2-pole.  3  000-alter- 
nation  i  ooo-kw  turbo-generator,  we  find  that  in  the  first  case  the 
output  per  pole  is  125-kw  and  the  air  gap  is  0.75".  while  in  the 
second  case  the  output  per  pole  is  500-kw,  or  four  times  as  great, 
and  the  air-gap  is  2.5".  ?\ow,  the  difl:'erence  in  peripheral  velocity 
is  not  verv  great  in  com]:arison  with  the  revolutions  per  minute,  so 
that  the  increase  in  output  per  pole  requires  a  general  increase  in 
all  the  polar  dimensions  in  the  case  of  a  turbo-generator,  which  is 
also  shared  by  the  air-gap. 

If  the  air-gap  in  an}-  generator  is  made  very  small,  or  ju.-t  suf- 
ficient for  good  mechanical  clearance,  only  a  very  small  magnetizing 
force  is  necessary  to  give  normal  voltage  in  the  armature  w^ith  no 
current  in  the  armature  winding,  but  a  small  current  in  the  aniiature 
will  practically  neutralize  this  weak  magnetizing  force,  and  the  onh' 
way  to  maintain  the  intial  voltage  is  to  increase  the  field  magnetiz- 
ing force  about  in  proportion  to  the  increase  in  armature  current, 
which  means  practicall}-  no  inherent  regulation. 

If  we  desire  to  reduce  the  demagnetizing  effect  of  the  armture, 
we  must  increase  the  air-gap,  but  this  in  turn  requires  a  greater 
field  magnetizing  force  to  maintain  the  original  induction  through 
the  armature  winding,  so  that  by  increasing  the  air-gap  a  doubl-' 
effect  is  obtained.  The  demagnetizing  effect  of  the  armature  is  re- 
duced and  the  field  mignetizing  strength  is  necessarily  increased, 
both  of  which  contribute  to  better  regulation.  In  turlx^-generators 
the  proportions  are  such  that  the  armature  am])ere-turns  are  con- 
centrated in  a  few  poles,  which  gives  a  large  armature  reaction 
which  retiuires  a  strong  magnetizing  field  and  a  large  air-gajj. 
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In  the  design  of  Westinghouse  turbo-generator  fields  the  pole 
tips  are  necessarily  larger  than  the  body  of  the  poles  in  order  to 
support  the  field  coils  with  safety  against  centrifugal  forces.  The 
area  of  pole  face  is  therefore  much  larger  than  the  body  of  a  pole, 
which  is  a  marked  diflference  between  the  construction  of  turbo 
fields  and  a  Westinghouse  slow-speed  generator  field,  in  which  the 
pole  tip  is  the  same  size  as  the  body  of  the  pole.  With  the  enlarged 
pole  tip  the  magnetic  induction  is  spread  over  a  larger  area  and  its 
density  is  reduced.  It  follows  then  from  the  simple  relation  that 
the  magnetizing  field  strength  is  proportional  to  the  length  of  air- 
gap  and  density  of  field,  that  with  the  enlarged  pole  tip  the  air-gap 
nuist  be  larger  than  with  a  pole  having  the  same  section  throughout. 
This  is  the  second  factor  in  increasing  the  air-gap  in  turbo-gener- 
ators. 

Synchronizing  Rheostats — In  synchronizing  a  rotary  con- 
verter by  the  use  of  an  induction  starting  motor  it  is  necessary  that 
the  motor  have  fewer  poles  than  the  converter,  giving  it  a  higher 
synchronous  speed  than  the  converter.  The  motor  should  then  be 
so  designed  that  its  slip  when  delivering  the  torque  necessary  to 
drive  the  converter  is  just  sufficient  to  reduce  the  speed  to  approxi- 
mately the  synchronous  speed  of  the  converter.  Owing  to  the  diffi- 
culty of  exactly  pre-determining  the  slip  of  an  induction  motor  at  a 
given  load,  and  owing  to  changes  in  the  frictional  load  of  the  con- 
verter itself,  it  is  more  or  less  difficult  to  adjust  the  motor  to  give 
the  proper  synchronizing  speed.  A  means  of  changing  the  load 
upon  the  starting  motor  would  give  an  easier  and  adjustable  method 
of  bringing  the  converter  to  synchronous  speed.  It  is  the  purpose 
of  the  synchronizing  rheostat  to  provide  such  a  variable  load. 

The  synchronizing  rheostat  consists  of  a  cast-iron  core  of  E 
section  wound  with  a  coil  having  several  taps.  The  rheostat  is  con- 
nected directly  across  one  phase  of  the  converter  so  that  the  con- 
verter acts  as  a  generator  supplying  the  magnetizing  losses  of  the 
rheostat  and  thus  puts  an  additional  load  upon  the  starting  motor, 
the  principal  portion  of  this  load  being  the  iron-loss  in  the  rheostat 
core.  T'y  using  different  taps  of  the  coil,  the  load  due  to  the  syn- 
chronizing rheostat  may  be  varied,  and  in  this  way  changes  in  the 
losses  in  the  converter  may  be  compensated  for  and  the  necessity  of 
closely  pre-determining  the  slip  of  the  induction  motor  obviated. 

When  a  synchronizing  rheostat  is  used,  the  end  rings  of  the 
starting  motor   are  designed  to  give   a   maximum    starting  tor([ue 
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independent  of  the  speed  when  running-  the  converter  at  normal 
voltage.  In  synchronizing  a  converter,  the  starting  motor  is  first 
thrown  on  and  the  converter  allowed  to  reach  synchronous  or  some 
higher  speed.  The  synchronizing  rheostat  is  then  thrown  directly 
across  one  phase  of  the  converter,  connection  being  made  to  that 
tap  of  the  rheostat  which  gives  a  load  just  sufficient  to  bring  the 
converter  down  to  synchronous  speed.  The  rheostat  is  designed  to 
remain  in  circuit  a  few  minutes  without  damage,  giving  ample  time 
for  synchronizing. 

Large  Commutator  Construction — The  bars  are  of  hard- 
drav»'n  copper,  sawed  slightly  larger  than  the  desired  size  when 
finished,  or  they  may  be  drop  forged,  in  which  case  they  are  stamped 


FIG.    I — COMMUTATOR    SEGMENT 


out  to  the  proper  size.  Cast  bars  have  been  tried,  but  in  the  process 
of  casting  particles  of  sand  become  mixed  with  the  copper  which 
renders  such  bars  useless. 

The  sides  must  be  smooth  and  have  the  necessary  taper  for 
producing  a  commutator  of  a  certain  diameter.  In  Fig.  i  the  bar 
and  neck  are  shown  joined  together.  The  dotted  lines  represent  the 
bar  as  it  is  sawed  out  and  built  into  the  commutator ;  the  full  lines 
represent  the  shape  of  the  bar  after  the  commutator  has  been  ma- 
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chined.  Tiie  bar  has  the  well-known  dove-tail  projection  univer- 
sally nsed  in  cnnmnitator  construction,  to  act  in  conjunction  with 
clampiniL^-  rinjj;s  to  hold  tlie  bars  in  place.  The  form,  of  th?  neck 
here  shown  is  employed  on  most  of  the  medium  and  large-size  ma- 
chines and  consists  of  two  strips  of  copper,  fastened  together  by 
two  or  four  copper  rivets  according  to  the  length  of  neck,  and  has  a 
recess  at  the  top  for  connecting  the  armature  strap  winding.  The 
hole  (a),  -h"  in  diameter,  is  punched  in  the  neck  and  the  rivet  holes 
about  (a)  are  drilk-d  with  the  bar  and  neck  held  firmly  together. 
After  riveting  the  two  with  copper  rivets  the  bar  and  neck  are 
brazed  together.  After  brazing  the  bars  are  finished  ofit"  smooth  at 
the  joint  and  are  read\-  t(*  be  built  up  in  the  commutator. 

The  mica  insulation  used  in  commutators  may  l)e  divided  into 
two  classes : 

(a)  Bushings  and  V  rings; 

(b)  Strips. 

Bushing  and  \'  rings  are  made  from  white  India  mica  which 
is  best  adapted  for  this  work  on  account  of  its  great  fiexibility  and 
mechanical  strength.  Tlie  mica  is  obtained  from  the  market  in 
splittings,  .001"  to  .002"  in  thickness,  and  about  four  square  inches 
in  area.  This  split  mica  is  built  up  in  plates  1/32"  thick,  shellac 
being  the  bond  used.  These  mica  sheets  are  pressed  between  hot 
plates,  are  milled  to  exact  thickness,  then  punched  to  proper  size 
and  finally  molded.  \'  rings  are  used  in  double  layers,  the  joints 
being  staggered. 

Comnnitator  strips  are  built  up  from  amber  Canadian  mica, 
wh.ich.  while  somewhat  inferior  to  India  mica  in  mechanical 
strength,  is  softer  and  has  equal  insulating  strength.  India  mica 
has  been  found  too  hard  for  this  use.  as  in  service  the  strips  built 
of  it  wear  more  slowly  than  the  copper  and  lift  the  brushes.  North 
Carolina  wliite  mica,  on  account  of  its  extrenie  harchiess,  is  alto- 
gether unfitted  for  use  in  strips.  The  Canadian  mica  is  built,  in 
similar  fashion  to  the  India  mica,  into  sheets.  These  are  pressed 
between  hot  plates,  milled,  punched  and  inspected.  Each  individual 
piece  is  separately  and  carefully  inspected  in  order  to  avoid  -trips 
of  weak,  non-homogeneous  structure  or  of  improper  thickness. 

The  commutator  is  built  up  on  a  circular  horizontal  surface 
plate.  An  iron  block  is  clamped  vertically  on  top  of  the  plate  near 
the  outer  edge  to  act  as  a  su])]wrt  for  starting  the  row  of  bars.  The 
copper  segments  are  then  set  up  side  by  side  with  the  necks  at  the 
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FIG.    2 — MACHINING    A    LARGE   COMMUTATOR 


bottom  and  projecting  outwardly.  A  heavy  movable  block  is  used 
to  keep  the  segments  in  an  upright  position  while  building.  When 
the  required  number  of  segments  have  been  built  up  to  form  a  com- 
plete circle  the  whole  is  loosely  bound  with  rope  or  tape  and  the 
mica  sheets  placed  between  the  segments.  When  the  commutator 
bars  are  verv  heavy  and  thick,  the  mica  sheets  must  be  built  up 
with  the  bars.  When  the  copper  and  mica  are  all  in  place  two 
binding  rings  are  clamped  about  the  bars  to  hold  them  together. 
Strips  of  fibre  are  used  underneath  the  binding  rings  to  protect  the 
copper.  When  the  rings  are  adjusted  in  place  they  are  supported 
upon  wooden  blocks  and  the  workman  evens  up  the  mica  and  bars 
1)y  driving  them  against  the  fibre  strips.  The  bars  are  set  perpen- 
dicular by  making  the  edges  of  the  mica  sheets  parallel  to  a  straight 
edge  set  perpendicular  to  the  surface  plate.  WHien  all  the  bars  are 
properl}'  set  the  screws  in  the  clamping  rings  arc  tightened  and  the 
commutator  is  ready  to  be  baked.  In  the  baking  process  the  com- 
mutator is  placed  upon  the  large  iron  block  having  a  circular  hole 
in  the  center.  The  inner  surface  is  lined  with  sheet  iron  to  prevent 
the  flame  from  carbonizing  the  shellac  in  the  mica  strips  and  heat 
is  supplied  by  gas  flames.  During  the  baking  the  set  screws  in  the 
binding  rings  are  occasionally  tightened  and  any  excess  shellac 
forced  out.  When  the  shellac  is  thoroughly  dried  out  the  commu- 
tator is  allowed  to  cool  and  then  carried  to  a  boring  mill,  where 
the  inner  surface  is  machined  oft'.  The  mill  is  operated  at  a  high 
rate  of  speed  an.d  air  is  used  to  blow  the  turnings  from  the  work. 
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With  large  sizes  a  boring  mill  is  often  used  having  two  tools  operat- 
ing on  separate  surfaces.     Both  ends  are  also  machined  ofif. 

A  test  is  then  made  for  short-circuits  between  adjacent  bars. 
If  one  should  be  found  it  may  be  due  to  particles  of  copper  making 
a  connection  between  bars  on  the  outside  of  the  mica,  in  which  case 
the  connecting  copper  is  cut  away  with  a  sharp  tool ;  or  it  may 
happen  that  the  trouble  is  in  the  mica  below  the  surface.  To  remedy 
this  it  is  necessar}-  to  remove  sections  of  the  clamping  rings  over 


FIG.   3 — A   COMMI'TATOR   WITH   THE   INSIDE    SURFACES   FINISHED 

the  defective  point,  loosen  uj)  two  of  the  bars  and  replace  the  faulty 
mica  witli  new.  After  a  thorough  test  the  inner  surface  is  sand- 
papered smooth  and  shellaced  and  the  commutator  is  then  ready  to 
be  mounted  upon  the  commutator  spider.  In  medium  size  arma- 
tures, which  are  wound  in  the  factory,  the  commutator  spider  is 
cast  in  one  piece  with  the  armature  spider,  and  the  outer  surfaces  of 
the  commutator  are  not  finished  until  the  armature  winding  has 
been  completed,  when  the  complete  armature  is  put  in  the  lathe  and 
the  commutator  turned  ofif.  In  the  largest  armatures,  which  arc 
wound  in  the  power  station  during  erection,  the  commutator  spider 
is  a  separate  casting.  \\\\\\  this  construction  the  commutator  is 
mounted  on  the  spider  and  the  outer  surfaces  machined  in  a  boring 
mill. 

Poi.VT.s  IX  Tr.nnsfokmek  Coil  Windixc. — In  winding  small 
transformer  coils,  having  several  turns  of  fine  wire  per  layer,  a 
mold  is  employed  which  has  one  end  built  in  sections,  such  that  the 
mold  may  be  built  up  as  the  coil  is  wound.  This  arrangement  al- 
lows the  operator  more  freedom  in  starting  the  first  few  layers. 
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Sometimes  it  is  desired  to  have  the  sheet  insulation  between  the 
layers  extend  beyond  the  layers  themselves.  This  condition  is  se- 
cured in  a  uniform  manner  by  making  the  turns  next  the  mold  in 
each  layer  of  cord  and  removing  the  cord  after  the  coil  is  taken 
from  the  mold. 

When  a  transformer  coil  is  to  be  wound  so  as  to  have  both 
terminals  at  the  outside,  a  mold  is  sometimes  used  wide  enough  for 
the  two  turns  side  by  side  and  supplied  with  a  fiber  dummy  the 
width  of  one  turn.  The  first  half  of  the  coil  is  wound  up  in  the 
regular  manner  beside  the  dummy  with  one  turn  per  layer.  The 
dummy  and  coil  are  then  removed  from  the  mold,  the  coil  reversed 
and  then  replaced  in  the  mold  and  the  second  part  wound  up  beside 
it.  The  connection  at  the  inside  may  be  a  soldered  one,  or  enough 
wire  may  be  reversed  at  the  beginning  of  the  first  part  to  wind  up 
the  second. 

Manv  high-tension  transformer  coils  with  several  turns  per 
layer  have  all  the  layers  wound  in  the  same  direction.  The  con- 
ductor, after  completing  the  last  turn  on  one  layer,  being  carried 
over  through  an  insulating  sleeve  to  begin  the  first  turn  of  the  next. 
By  this  arrangement  the  potential  between  the  extreme  turns  in  any 
adjacent  layers  will  be  only  half  that  which  would  obtain  should  the 
layers  be  wound  back  and  forth,  as  is  the  usual  custom  in  coil  wind- 
ing. 

In  the  low-tension  coils  of  large  transformers  two,  four  or 
some  higher  even  number  of  conductors  are  often  wound  in  parallel 
with  one  turn  per  layer  and  two  conductors  side  by  side.  If  the 
coil  should  be  wound  up  in  the  mold  with  the  conductors  in  mul- 
tiple, always  in  the  same  position  relative  to  one  another,  a  greater 
e.m.f.  would  be  induced  in  the  half  of  the  multiple  winding  nearer 
the  high-tension  coil  than  in  the  other.  The  result  would  be  a  local 
current,  set  up  bv  the  difference  of  these  two  e.m.f.'s,  and  flowing 
around  the  circuit  formed  by  uniting  the  two  conductors  in  multiple. 
To  obviate  this,  the  conductors  in  one  of  the  turns,  usually  half 
wav  up  in  the  coil,  are  made  to  exchange  places,  so  that  those  which 
will  be  nearer  the  high-tension  coil  in  the  first  half  of  the  winding 
will  be  farther  from  it  in  the  second  half.  The  result  is.  the  in- 
duced e.m.f.  in  one  half  will  oppose  an  equal  e.m.f.  in  the  other,  and 
no  current  will  flow  in  the  local  circuit. 
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The   iron    loss    of    a    lighting    trans- 
Irox  and  Copper  Losses     foinier  goes  on  day  and  night  regardless 
OF  '^l^\^"SI•"oRMI•:KS  of   the   amount   of   load    supplied.     The 

copper  loss,  however,  occurs  only  when 
tl-.c  transformer  is  loaded  and.  while  it  may  be  considerable  at  full 
load,  it  decreases  very  rapidl_\-  as  the  load  falls  oft".  As  the  trans- 
former is  seldoui  fully  loaded,  and  in  many  cases  supplies  only  a 
partial  load  for  a  few  hours  each  day.  the  actual  watts  of  iron  loss 
far  exceeds  the  actual  watts  of  copper  loss.  This  fact  has  been 
brought  out  strongly  in  recent  years,  and  is  appreciated  generally 
bv  central  station  managers,  who  realize  that  this  iron  loss  means 
increased  coal  bills.  In  fact,  so  strongly  has  this  idea  taken  hold 
of  some  managers  that  "low  iron  loss"  has  become  a  hobby,  and  in 
their  anxiety  to  force  down  this  loss  to  the  last  watt,  they  overlook 
the  consequent  bulging  in  copper  loss,  heating  and  cost.  The  fal- 
lacy of  this  theory  is  pointed  out  clearly  by  Mr.  Fortcscue  in  an- 
other page  of  this  issue.  He  shows  that  in  the  great  majority  of 
cases  the  copper  loss  is  of  far  greater  importance  than  the  iron  loss. 
The  basis  for  I\Ir.  Fortescue's  argument  is : 

1.  For  lighting  service  the  copper  loss  in  per  cent  ef|uals 
(apj^rox.)   the  regulation  in  per  cent. 

2.  Where  transformers  not  equally  loaded  are  supplied  from 
the  same  primary  mains,  constant  secondary  voltage  can- 
not be  maintained.  The  closer  the  regulation  of  the  trans- 
former the  more  nearly  constant  the  secondary  voltage. 

If  a  transformer  having  2  per  cent,  regulation  be  supplied  from 
constant  voltage  primar}-  mains,  and  if  its  normal  no  load  secondary 
voltage  is  loo,  then  its  full  load  secondary  voltage  will  be  98.  But 
this  drop  of  2  per  cent,  in  secondary  voltage  means  2  per  cent,  less 
current  supplied  to  the  lamps,  and  since  the  wattmeter  reading  is 
the  product  of  life  current  (2  per  cent,  less  than  normal)  by  the 
voltage  (2  per  cent,  less  than  normal)  it  will  evidently  be  4  per  cent, 
less  than  normal,  i.  e..  4  per  cent,  less  than  though  the  secondary 
had  been  maintained  constant  at  100  volts. 

Fvery  watl-hour  lost  by  a  reduction  in  the  meter  reading  musr, 
be  charged  at  the  selling  price  of  energy,  while  a  watt-hour  in  iron 
loss  is  measured  only  in  the  cost  of  coal  which  is  required  to  pro- 
duce it.  I'.ut  the  selling  jjrice  of  energy  may  be  from  10  to  100 
times  the  cost  of  the  producing  coal,  so  that  a  reduction  of  one 
watt-hour  ir.  the  meter  reading  may  outweigh  a  saving  of  10  to  100 
watt-hours  in  iron  loss. 
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To  sum  u]) :  The  copper  loss  determines  the  regulation.  The 
regulation  directly  affect  the  wattmeter  reading.  And  a  trans- 
former having  a  relatively  high  iron  loss  but  low  copper  loss,  is 
usually  far  more  economical  to  operate  than  one  having  a  relatively 
low  iron  loss  but  high  copper  loss. 

It  is  true  that  the  increased  revenue  from  the  transformer 
having  the  lower  copper  loss  is  obtained  from  the  customer,  Imt  his 
illumination  is  increased  more  than  his  bill,  while  the  cost  of  lamp 
renewals  is  reduced. 

It  is  also  pointed  out  by  Air.  Fortescue  that  for  equal  full-load 
efficiencies,  the  transformer  having  equal  iron  and  copper  losses  is 
cheaper  to  manufacture  than  one  in  which  the  iron  loss  is  reduced, 
even  though  the  copper  loss  is  correspondingly  increased.  Thus, 
iiot  only  is  the  low  iron  loss  transformer  more  extensive  to  operate, 
but  its  first  cost  is  higher  than  a  transformer  having  the  same  full 
load  efficiency,  but  equal  iron  and  copper  losses. 

In  water  power  plants  where  the  cost  of  generating  the  trans- 
former iron  loss  is  practically  nil  the  arguments  used  by  Mr.  For- 
tescue in  favor  of  low  copper  loss  apply  with  even  greater  force 
tlian  in  steam-driven  plants. 

/.  S.  Peek. 


The    official    estimates    of    the    Govern- 
TiiE  Opportunity  of     ment  make   the  present  population  of  the 
THE  Engineer  United  States  80,000,000. 

Reasoning  from  the  past  it  seems  prob- 
able that  25  years  from  now  our  population  will  be  125,000,000. 

That  is.  by  the  time  that  the  young  engineers  now  starting 
their  life-work  have  reached  a  ripe  and  active  middle  age  the  pop- 
ulation of  the  United  States  will  be  as  great  as  the  present  popula- 
tion of  the  Ignited  Kingdom,  the  German  Empire  and  two-thirds 
of  France,  added  together. 

It  will  be  a  homogeneous  i)opulation.  of  high  avorage  educa- 
tion, and  averaging  higher  in  courage,  enterprise  and  self-reliance 
than  the  people  of  any  other  great  country,  for  reasons  which  we 
need  not  now  go  into. 

That  population  will  be  planted  in  a  temperate  climate,  in  a 
country  of  unequalled  natural  resources,  intersected  by  great  nat- 
ural waterway's,  covered  with  a  net-work  of  railroads,  and  with  vast 
coast  lines  on  the  two  great  oceans. 

The   wealth,  the  ptAver,  the  ])h\-sical   and   intellectual   inthicncc 
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of  such  a  nation  nia\'  be  guessed  at;  they  cannot  be  measured. 

Such  is  the  inheritance  of  the  American  youth  who  starid  to- 
day in  the  gateway  of  Hfe. 

To  the  voung  engineer  all  this  nas  an  especial  meaning. 

Heretofore  we  have  been  relatively  an  agricultural  people. 

Soon  we  shall  be  relatively  a  manufacturing  people. 

Doubtless  we  shall  long  continue  to  be  the  greatest  food  pro- 
ducing nation  ;  but  we  shall  come  to  be  also  the  greatest  manufac- 
turing nation. 

The  opportunities  we  offered  to  courage  and  enterprise  have 
been  the  greatest  the  world  ever  saw ;  henceforward  the  great  oppor- 
tunities will  be  for  courage  and  enterprise  plus  highly  trained  intel- 
ligence. 

That  means  that  the  great  prizes  of  the  next  quarter  of  a  cen- 
tury will  be  for  the  engineer. 

But  if  he  will  grasp  them  he  must  be  not  only  an  engineer  ;  he 

must  be  a  man. 

—H.  G.  Front. 


A  new  method  for  the  gauging  of  mate- 
TiiE  CJAUGiNG  OF     rials    less    than   0.5"    in   thickness    or    diameter 

Materials  became  effective  in  the  works  of  the  Westing- 
house  Electric  &  ^Manufacturing  Company  on 
April  Tst,  1904.  This  method  is  quite  fully  described  in  the  pamph- 
let recently  issued  by  the  company,  bearing  the  title  "The  Gauging 
of  Material."  The  essential  dift'erence  between  the  old  and  the  new 
method  of  gauging  being  the  substitution  of  the  decimal  division? 
of  the  inch  for  the  numerous  meaningless  numbered  gauges  hereto- 
fore used. 

Some  of  the  reasons  leading  up  to  the  adoption  of  this  new 
method  deserve  brief  notice.  A  great  amount  of  confusion  existed 
in  the  v.-orks,  due  to  the  fact  that  ten  dift'erent  wire  and  sheet  metal 
gauges  were  used,  each  gauge  having  a  set  of  arbitrary  numbers  to 
represent  given  sizes  of  material.  The  dift'erent  gauge  numbers 
were  alike  only  in  rare  instances,  and  unless  a  particular  gauge  was 
sjiccified  the  material  ordered  might  prove  larger  or  smaller  than 
desired,  because  a  dift'erent  gauge  was  used  by  the  manufacturer 
than  the  one  intended  by  the  purcha.ser.  Sheets  of  dift'erent  metak 
were  made  to  different  gauge  systems,  and  the  workman  (imless 
supplied  with  more  than  one  gauge)  would  call  for  material  by  the 
gauge  used  ])y  him.     Materials  bought  by  one  gauge  svstem  were 
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frequently  carried  in  stock  by  another  gauge  system.  As  an  in- 
stance, we  carried  two  sizes  of  banding  wire  in  stock — one  0.0453" 
diameter  the  other  0.038"  diameter,  but  both  were  known  to  the 
trade  as  \o.  17  banding  wire;  the  former  being  the  correct  decimal 
size  for  the  Xo.  17  Brown  &  Sharpe  Gauge  to  which  phosphor 
bronze  wire  is  drawn,  tlie  latter  being  the  correct  decimals  size  for 
the  Xo.  17  ]\lusic  Wire  Gauge.  The  difference  between  the  Xo. 
17  size  in  these  two  gauges  being  0.0073". 

The  Sub-Committee,  to  whom  the  question  of  the  gauging  of 
materials  was  referred  by  the  Materials  Committee,  at  their  early 
meetings  strongly  favored  the  adoption  of  the  Master  Mechanics 
Standard  Decimal  Gauge,  in  which  size  is  known  and  expressed  by 
a  decimal  part  of  the  inch,  as  0.002" — 0.150" — 0.250",  etc.  After 
due  consideration  of  the  various  points  involved  in  such  a  radical 
change,  the  following  recommendations   were  adopted : 

(i)  "That  all  gauge  numbers  be  dropped  and  that  decimal 
sizes  only  be  used. 

(2)  '"That  the  extreme  refinements,  as  shown  by  the  fourth 
and  fifth  significant  figures  given  in  some  of  the  tables  of  gauges, 
be  dropped. 

(3)  "That  materials  now  purchased  by  dilterent  gauges  be 
purchased  of  the  same  dimensions  as  heretofore,  but  that  the  gauge 
numbers  be  omitted. 

(4)  "The  preceding  recommendation  will  require  that  all 
gauging  in  the  factory  be  done  by  tlie  micrometer  instead  of  wire 
gauges. 

(5)  '"The  Purchasing  Department  specifications  should  be 
made  out  showing  limits  of  variation  for  each  kind  of  material, 
these  limits  to  be  sufficiently  wide  so  that  standard  materials  made 
in  accordance  with  the  gauges  now  in  use  will  fulfill  our  specifi- 
cations. 

(6)  "The  various  systems  of  keeping  stock  l^y  numbers  should 
be  changed  to  give  certain  dimensions. 

(7)  ''On  our  standard  sheets  for  gauge  dimensions  some  in- 
dication should  be  given  for  those  sizes  which  are  most  commonly 
used  or  kept  in  stock,  v\"ith  recommendation  to  adhere  to  these  as 
closely  as  possible."' 

Among  the  advantages  arising  from  tlie  adoption  of  this  new 
system  of  gauging  are . 

(a)  All  materials  will  l)e  known  by  a  numl)er  which  is  repre- 
sentative of  the  dimensi(jns  of  the  material. 
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(b)  As  all  materials  will  be  s^aus^'ed  in  tbtntsantltbs  of  an  inch. 
there  can  l)c  no  confusion  due  to  different  s^auge  systems,  an.d  no 
matter  what  .s^ang'e  system  the  manufacturer  of  the  material  uses, 
\vc  will  know  it  l)y  its  dimensions. 

(c)  l!y  ado])tin^-  the  dimensions  of  the  present  standard 
L;aui.;es  we  do  not  cause  any  confusion  with  the  manufacturers  by 
orderini;-  materials  of  sizes  different  from  their  standards. 

C.  C.  Txicr. 
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THE  MODERN   TELEPHONE •• 

By  S.  P.  GRACE 
Engineer  of  the  Central  District  and  Printing;  Teleg-raph  Company 

THE  transmission  of  articulate  speech  beyond  the  ordinary 
range  of  the  human  voice  has  been  the  goal  towards  which 
scientists  have  labored  for  centuries.  To-day,  observing 
on  every  hand  how  readily  speech  is  transmitted  from  one  section 
of  the  country  to  another,  we  are  inclined  not  to  realize  the  great 
amount  o  f  mental 
and  manual  effort 
that  has  been  neces- 
sary in  order  that 
our  speech  be  ex- 
tended over  hun- 
d  r  e  d  s  and  even 
thousands  of  miles. 
To  understand 
clearly  the  electrical 
and  mechanical  prin- 
ciples made  use  of 
in  the  modern  tele- 
phone system,  it  is 
first  necessary  to  ac- 
quaint ourselves 
with  the  physical 
laws  u  n  d  e  r  1  y  in_:^ 
speech.  It  is  weil 
known  that  sound 
has  its  origin  in  the 
vibration  of  the 
molecules  of  the  air  chif.f  operator's  table 

which  alternately  give  lise  to  atmospheric  condensations  and  rare- 


*A  Lecture  delivered  before  The  Rlectric  Club. 
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factions;  /.  c,  changes  of  pressure.  The  condensations  and  rare- 
factions of  the  air  reaching  the  drum  of  the  ear  throw  it  into  vibra- 
tion. The  vibration  of  the  ear  drum  excites  the  acoustic  nerves  and 
in  some  way,  not  wholly  comprehended,  convey  to  the  brain  the  im- 
pression of  sound.  The  simplest  form  of  sound  vibration  is  that 
produced  by  the  ordinary  tuning  fork,  which  gives  out  a  round,  full 
tone  of  fundamental  character.  The  most  complex  sounds  in  nature 
are  those  of  the  human  voice,  which  by  slight  changes  of  inflexion 
convey  an  entirely  different  meaning  with  the  same  words,  though 
apparently  of  the  same  loudness  and  the  same  pitch. 

Sound  mav  be  divided  into  three  general  characteristics,  loud- 
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ness.  pitch  and  quality.  One  sound  may  be  louder  than  another 
due  to  a  greater  amplitude  of  vibration  of  the  body  producing  the 
sound,  which  therefore  produces  greater  condensations  and  rare- 
factions in  the  atmosphere.  Again,  two  sounds  may  be  of  the  same 
loudness,  but  of  a  different  pitch,  or  technically  speaking,  a  differ- 
ent number  of  vibrations  per  second.  As  an  example  of  pitch,  sup- 
pose we  strike  the  key  C  in  adjacent  octaves  on  a  piano.  The  num- 
ber of  vibrations  per  second  of  C  in  the  higher  octave  is  just  twice 
that  of  C  in  the  lower  octave. 

The  last  characteristic  of  sound,  that  of  ([uality,  is.  perhaps, 
the  most  important.     \'cry  few  sounds  in  nature  arc  fundamentals. 
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Practically  all  musical  instiuments  and  the  human  voice  in  particu- 
lar give  out  sounds  composed  of  partial  tones,  or  overtones,  in  com- 
bination with  the  fundamental  tone.  As  a  familiar  exaiuple  con- 
sider a  vibrating-  string  stretched  between  two  points.  By  plucking 
the  string  in  the  center  it  is  possible  to  make  the  string  vibrate  as 
a  whole  and  thus  give  a  fundamental  tone  of  a  pitch  depending 
upon  how  tightly  the  string  was  stretched.  The  tighter  the  string 
is  stretched  the  greater  will  be  the  numlier  of  vibrations  per  second, 
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and  the  higher  the  key  of  the  note  produced.  Should  the  string  be 
plucked  away  from  the  center  it  will  be  thrown  into  sectional  vibra- 
tions. If  the  string  vibrates  in  two  parts  we  would  then  have  the 
fundamental  note  combined  with  the  second  overtone ;  if  in  four 
parts,  with  the  fourth  overtone,  and  so  on. 

In  general  then  the  quality  of  a  sound  depends  upon  the  num- 
ber, the  intensity  and  the  position  of  the  overtones.  It  is  this  ar- 
rangement of  the  overtones  which  makes  the  same  note  on  a  violin 
different  from  the  same  note  on  a  piano,  a  guitar,  or  a  mandolin. 
The  overtones  are  also  responsible  for  the  differences  between 
human  voices.  liecause  of  ihc  variety  and  lunulx'r  of  the  over- 
tones the  sounds  produced  1)\'  ihe  vocal  cords  are  of  a  very  complex 
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character,  and  the  rcsuhing-  air  waves  have  vibration  rates  ranging- 
all  the  way  from  200  to  5  000  per  second.  To  the  great  German 
scientist,  Von  Helmholtz.  is  dne  oni  knowledge  of  the  laws  govern- 
ing the  quality  of  sound. 

To  transmit  the  sound  waves  of  the  human  voice  electrically  ta 
a  distance  is  at  once  seen  to  present  many  serious  problems.  Ob- 
viously an  electrical  current  must  be  capable  of  changing  and  re- 
versing many  hundreds  and  even  thousands  of  times  per  second. 
It  was  not  until  1876  that  Alexander  Graham  Bell  succeeded  in 
making  one  diaphragm  perform  exactly  the  same  evolutions  as  a 
diaphragm  located  many  feet  away,  and  wdiich  was  thrown  into 
vibration  by  means  of  a  human  voice  spoken  against  it.  Bell  clear- 
ly saw  that  if  speech  was  to  be  transmitted  electrically  it  must  be 
done  by  a  ciuTcnt  which  was  undulatory  in  character,  and  that  the 
circuit  must  never  be  electrically  broken.  The  telephone  of  Bell 
was  delightfully  simple ;  it  Consisted  merely  of  a  magnet  provided 


with  an  extension  iron  pole  piece,  about  which  piece  was  wrapped 
a  few  turns  of  insulated  wire.  The  placing  of  a  thin  iron  dia- 
phragm in  front  of  the  pole  piece  and  separated  from  it  by  a  small 
air-gap  completed  his  invention.. 

Bell's  telephone  will  act  either  as  a  transmitter  or  a  receiver. 
I  have  shown  in  Fig.  i,  a  skeleton  diagram  of  Bell's  original  tele- 
phone, and,  in  fact,  the  telephone  receiver  exists  to-day  practically 
as  designed  by  Bell  25  years  ago.  If  the  dia])hragm  of  .1  be  sp'Oken 
against  it  will  be  thrown  into,  vibration  in  nearly  exact  accordance 
with  the  condensations  and  rarefactions  of  the  air  waves  striking- 
it.  The  diaphragm  being  made  of  iron  will  thcref(M-e.  by  its  change 
of  distance  from  the  pole  piece,  permit  a  greater  or  lesser  ilow  of 
magnetic  force  through  the  coil  of  wire  on  the  pole  piece.  Because 
by  changing  the  field  of  magnetic  force  through  a  closed  coii  there 
are  set  up  in  it  electrical  currents  which  are  directly  proportional  to 
the  rate  of  change  of  magnetic  force.     Suppose  the  wires  from  A 
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are  connected  into  a  similar  instrument  at  B.  The  varying  current 
from  A  traversing  the  coil  at  instrument  B  will  increase  or  decrease 
the  magnetic  field  of  instrument  B  and  will  therefore  vary  the  pull 
upon  its  diaphragm.  Obviously  diaphragm  B  will  be  thrown  into 
vibration  and  its  vibrations  will  be  practically  identical  with  the 
vibrations  of  diaphragm  A.  Since  the  vibrations  of  diaphragm  A 
correspond  with  the  sound  waves  produced  by  the  vocal  cords  of 
the  person  speaking  at  A,  similar  sound  waves  will  be  set  up  b}"  the 
diaphragm  at  B.  These,  reaching  the  ear  of  the  observer  at  B,  will 
actuate  his  ear  drum  and  the  acoustic  nerves  will  convey  to  his 
brain  the  impression  of  the  sound  waves  as  originally  spoken  at  A. 

The  original  Bell 
mstrument,  though 
transmitting  and  re- 
ceiving speech  with 
remarkable  clear- 
ness,  was  still  inad- 
equate for  use  as  a 
transmitter  because 
of  the  faintness  of 
the  transmission. 
Bell's  instrument  as 
a  receiver  is  one  of 
the  most  remarkably 
delicate  instruments 
known  to  electrical 
science.  This  may 
be  fully  realized 
from  the  statement 
that  one  two-mil- 
lionth of  an  ampere 
will  produce  an 
audible  sound  in  a 
Bell  telephone  re- 
ceiver. 

It  was  onl\-  a  short  time  until  the  genius  of  Berliner  and  Edison 
evolved  a  transmitter  which  would  act,  so  to  speak,  as  a  valve  on 
a  source  of  electrical  energy.  When  Bell's  instrument  is  used  as  a 
transmitter  the  energy  of  the  sound  waves  conveyed  to  the  dia- 
phragm produces  the  electrical  energy  in  the  coil  around  the  pole 
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piece.  From  the  woil  known  law  of  tho  conservation  of  energy  it 
is  obvious  that  the  amount  of  electrical  energy  cannot  exceed  the 
mechanical  energy  of  the  vibrating  diaphragm.  The  Berliner  and 
Edison  transmitter  depends  upon  the  variable  resistance  of  two 
bodies  placed  loosely  in  contact,  when  subjected  to  changes  of  pres- 
sure. The  most  successful  forms  of  transmitters  make  use  of  the 
variable  resistances  between  two  carbon  electrodes  separated  by 
means  of  carbon  granules.  It  has  been  found  that  if  one  of  these 
electrodes  be  connected  to  a  diaphragm  which  is  spoken  against, 
the  resistance  of  the  carbon  will  vary  in  accordance  with  the  pres- 
sure upon  the  electrodes  and  therefore  w-ith  the  condensations  and 
rarefactions  in  the  air  waves  striking  the  diaphragiu.  If  there  is 
a  current  of  electricity  from  a  battery  flowing  through  this  contact 
it  is  clear  that  the  current  will  be  varied  in  exact  accordance  with 
the  sound  waves  striking  the  diaphragm. 


KEYBOARD    IN    FRONT    OF    SWITCHBO.\RD 

In  Fig.  2  is  shown  two  transmitters  and  two  receivers  con- 
nected serially  in  a  circuit  containing  a  battery.  When  either  trans- 
mitter is  spoken  ir.to,  a  variable  current  is  produced  in  the  circuit 
which  will  produce  a  varying  magnetic  field  in  Ixnh  receivers  and 
force  their  diaphragms  into  vibration.  These  receiver  diai^hragms 
will  perform  the  same  evolutions  as  the  transmitter  diaphragm 
which  is  spoken  against  and  will  therefore  reproduce  speech.     That 
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the  diaphrai^ms  uf  both  tlie  transmitters  and  receivers  are  capable 
of  taking-  np  the  minute  overtones  of  the  human  voice  is  truly  re- 
markable.    That  this  is  so  is  conclusively  proven  by  the  fact  that 


familiar  voices  are  at  once  recognized  in  the  telephone,  which 
would  not  be  the  case  if  the  number,  intensity  and  position  of  the 
overtones  were  not  practically  the  same  at  the  receiving  end  of  the 
line  as  at  the  transmitting  end.  The  overtones  of  some  letters  are 
very  numerous  and  complicated,  and  are  very  difficult  to  transmit 
electrically.  This  is  particularly  true  of  the  letter  S  and  a  num- 
ber of  other  consonants.  Strictly  speaking,  the  received  sounds 
have  not  exactly  the  same  quality  as  the  transmitted  sounds,  but 
they  are  sufficiently  clear  for  practical  purposes. 

It  has  been  very  often  asked  why  a  permanent  magnet  is  used 
in  a  telephone  receiver.  One  reason  is  that  if  no  permanent  magnet 
be  used  the  received  sounds  will  be  an  octave  above  the  sovinds 
at  the  transmitting  end.  It  is  also  because  the  amount  of  move- 
ment of  the  diaphragm  for  a  small  change  of  current  is  within 
practical  limits  proportional  to  the  strength  of  the  permanent  mag- 
netic field.  Suppose  in  a  telephone  receiver  that  H  equals  the 
initial  permanent  magnetic  force.  Then  the  force  acting  upon  the 
diaphragm  is  proportional  to  the  square  of  the  magnetization  or 
H".  If  the  magnetization  increases  a  small  amount  h  due  to  a 
slight  change  of  current  in  the  magnetizing  coil,  the  pull  on  the 
diaphragm  will  be  {H-\-hy.  The  difference  or  change  in  pull  will 
therefore  be  (H-\-h)' — H'^2Hh-\-h'.  From  this  formula  it  is 
evident  that  the  pull  on  the  diaphragm  will  increase  without  limit 
as  H  or  the  initial  magnetization  is  increased.     The  i)ractical  limit. 
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however,  is  the  degree  of  magnetization  at  which  the  iron  in   the 
diaphragm  becomes  satu  rated 

The  secret  of  a  good  transmitter  hes  in  the  arrangement  and 
treatment  of  the  carbon  electrodes  and  carbon  granules.  In  de- 
signing the  solid  back  transmitter  used  by  the  Bell  Telephone  CtMii- 
panies  many  years  of  careful  laboratory  experimentation  were  re- 
quired before  a  thoroughly  efficient  and  durable  grade  of  carbon 
was  produced.  For  transmitter  use  I  may  say  that  a  carbon  of 
almost  glass  hardness  and  extreme  durability  is  required. 

Electric  light  and  power  engineers  very  rarely  have  to  deal 
with  frequencies  exceeding  125  cycles  per  second.  To  the  tele- 
phone engineer  who  deals  in  freijuencies  of  300  to  5  000  per  second, 
125  cycles  appear  ridiculously  small.  While  the  telephone  currents 
are  not  of  large  magnitude  it  is  readily  conceived  that  because  of 
their  high  frequency  the  distorting  and  attenuating  effects  of  self- 
induction  and  capacity  are  very  marked.  It  is  imperative,  there- 
fore, on  all  long  aerial  lines  and  cable  lines  that  the  distributed 
capacity  be  a  minimum.     Great  care  must  be  exercised  not  to  place 

impedance  in  improper  places  in 
a  telephone  circuit,  for  if  this  is 
done  serious  choking  effects  may 
be  produced  on  the  telephone 
current,  or  if  the  line  is  so  long- 
that  the  transmission  assumes  a 
wave  form  there  may  be  serious 
reflections  of  current  from  im- 
properly placed  impedance  coils. 
Telephone  engineers  dealt  with 
capacity  and  impedance  long  be- 
fore theii'  importance  was  real- 
ized by  electric  light  and  power 
engineers  and  were  obliged  to 
develop  apparatus  and  lines 
which  would  work  under  these 
severe  conditions  of  high  fre- 
quency. The  most  recent  work 
on  this  subject  has  been  done  by 
Dr.  Pupin,  who  has  show^n  how 
largely  to  counteract  the  effects 
of  distributed  capacity  by  means 
CABLE  v.\uLT  yf  distributed  self-inductance.    In 
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Pupin's  system  impedance  coils,  known  as  load  coils,  are  placed 
at  recurrent  intervals  in  the  line  depending  upon  the  wave  length. 
The  telephone  receiver  and  transmitter  which  I  have  described 
would  be  of  little  value  in  the  business  world  if  some  means  were 
not  provided  so  that  conversations  could  be  carried  on  between 
any  two  instruments  in  a  system  containing  thousands  of  telephones. 
The  invention  of  the  telephone  receiver  and  transmitter  started  the 
march  of  invention  of  central  office  switching  devices. 

Until  the  last  decade  the  systems  of  switching  were,  to  a  great 

extent,  crude,  a  n  d 
were  rapidly  prov- 
i  n  g  themselves  in- 
capable of  handling 
the  vast  volume  of 
traffic  which  t  h  e  y 
were  called  upon  to 
carry.  About  seven 
years  ago  the  old 
m  a  g  n  e  t  o  -  t  }^  p  e 
switchboards  were 
abandoned  and  were 
replaced  by  the 
common  batter}' 
systems  o  f  to-day. 
The  three  great  ad- 
vantages of  the  com- 
mon battery  system 
may  be  summed  up 
as:  First,  improved 
quality  of  service  to 
the    public ;    second, 

CABLE  RUN   BETWEEN    MAIN   BOARD   AND   INTERMEDIATE 

'•^  DISTRIBUTING  FRAME  iucrcascd    spccd    O  f 

operation ;  third,  reduction*  of  maintenance. 

Of  the  different  common  battery  systems,  the  repeating  coil 
system  is  the  one  most  generally  used.  This  is  shown  diagram- 
matically  in  Fig.  3.  One  large  storage  battery  is  used  as  a  source 
of  current  for  all  of  the  lines.  Two  telephone  lines  are  connected 
by  two  flexible  cords,  in  which  are  placed  repeating  coils  which  are 
simply  transformers  having  the  same  number  of  turns  in  primary 
and   secondarv   coils.      The    two   lines    are   connected    to   the   main 
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battery,  as  shown.  It  is  apparent  tliat  any  change  oi  current  in 
either  telephone  circuit,  caused  by  a  variation  of  the  transmitter 
resistance   will,  through   the   action   of  the   transformer,  be   repro- 


Line 


Transmitter 


Hook 


Line 


Hook 


FIG.   3 


duced  in  the  other  or  receiving-  telephone  circuit.  Any  number  of 
lines,  with  their  repeating  coils,  may  be  connected  to  the  one  battery 
with  no  danger  of  ''cross-talk"  from  one  line  to  another.  "Cross- 
talk" would  be  caused  if  the  variable  current  in  one  repeating  coil 
caused  a  change  in  the  current  in  another  coil,  but  on  account  of 
the  low  resistance  of  the  battery  this  is  not  possible. 
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Fig-.  4  represents  the  com- 
p  1  e  t  e   connections   between 
two    subscribers    through    a 
repeating-coil,   common   bat- 
t  e  r  y    switchboard.     At    the 
left  of  the  diagram  is  shown 
the    connections    of    a    sub- 
scriber's telephone.     The  ap- 
paratus in  the  telephone  con- 
sists of  a  transmitter,  a  re- 
ceiver,  an   induction   coil,    a 
condenser,    a    polarized    bell 
and    a    hook    switch.      The 
functions  of  the  transmitter 
and   receiver  have   already 
been  explained.     The  induc- 
tion   coil,    which    is    nothing 
more    than    a    small    trans- 
former, is  used  so  that  the 
receiver   will   be   out   of  the 
line    circuit,    which    includes 
the  main  battery.    It  has  been 
found     that     direct    current 
through  the  receiver  is  liable 
to    demagnetize    the    perma- 
nent   magnet   and   to   injure 
the   diaphragm.      The   con- 
denser  is   placed   in   the   in- 
strument  in    order   that    the 
two  sides  of  the  line  circuit 
may  be  kept  open  to  the  di- 
rect  current   which    tries   to 
flow   from  the  central  office 
main   battery,   thus  prevent- 
ing the  operation  of  the  line 
signal  relay  at  central.     The 
operator  can  ring  the  polar- 
ized bell  at  the  subscriber's 
telephone    through    the    two 
microfarad   condenser,   since 


FIG.    4. 
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for  ring-lng-  purposes  single-phase  alternating  current  is  used  \vhich 
passes  readily  through  the  condenser. 

Tlie  underground  and  outside  wire  plant  of  a  large  telephone 
exchange  is  very  extensive  and  great  skill  is  required  in  the  proper 
designing  and  the  construction  of  the  underground  conduits,  pole 
lines  and  aerial  cables  so  that  a  high  insulation  may  be  maintained 
on  all  the  lines  and  so  that  the  wire  plant  will  be  valuable  for  use 
at  any  point  where  service  is  demanded.  It  is  clear  that  no  matter 
how  good  our  instruments  or  our  switchboards  may  be,  without 
good  line  construction  poor  service  will  result.  The  best  practice 
of  to-day  recommends  that  as  much  of  the  wire  plant  as  is  economi- 
cal be  placed  underground  and  that  where  the  distribution  is  not 
heavy  enough  to  warrant  underground  conduit,  that  the  wires  be 


STORAGE   BATTERY 

run  in  aerial  cables  on  short  heavy  pole  lines.  These  cables  are  made 
up  of  twisted  pair  wires  insulated  with  spiral  wrappings  of  paper 
and  the  whole  enclosed  in  a  continuous  lead  sheath.  As  many  as 
600  pairs  of  wires  are  sometimes  placed  in  a  single  cable.  The 
reason  for  using  a  paper  insulated  and  lead  covered  cable  is.  first, 
because  of  its  lov.'  cost,  and,  second,  that  with  a  paper  insulation  we 
obtain  a  very  low  mutual  static  capacity  of  each  pair  of  wires.  Tliis 
low  capacity  is  necessary  in  order  not  to  seriously  attenuate  or  dis- 
tort the  high-frequency  telephone  currents  traversing  over  the  cir- 
cuit. 
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On  entering-  Ihe  central  office  the  cables  arc  ended  in  what  is 
called  the  main  distributing  frame.  From  this,  the  pairs  of  wires 
pass  through  arresters  or  protectors  to  the  intermediate  frame  and 
then  to  the  switchboard.  Each  telephone  line  appears  on  the  switch- 
board in  a  sv.'itch  which  is  known  as  an  answering  jack.  In  addi- 
tion, the  line  appears  in  what  is  known  as  the  multiple  jacks  in 
every  third  position  of  the  entire  switchboard.  The  purpose  of  the 
multiple  jacks  is  to  enable  any  operator  to  plug  in  any  line.  This 
completes  the  connection  of  a  subscriber's  line  to  the  switchboard. 
The  remaining  connections  shown  in  Fig.  4  are  for  the  connecting 
plugs  containing  the  repeating  coils,  the  operator's  telephone  and 
the  signals. 

It  will  be  seen  that  in  the  switchboard  three  wires  and  three 
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jack  and  plug  contacts  are  used  for  each  line.  Two  of  these  wares 
are  for  the  talking  circuit,  the  third  being  a  signaling  or  controlling 
circuit  for  the  operation  of  the  various  relays,  signal  lamps,  etc., 
which  are  necessary  for  a  proper  supervision  of  the  connection. 

When  the  subscriber  removes  his  receiver  from  the  hook,  the 
rising  of  the  hook  will  close  the  contacts  of  the  switch  and  close  the 
line  at  the  subscriber's  station  through  the  transmitter,  the  primary 
of  the  induction  coil,  and  the  hook  switch  contacts.  The  line  lacing 
now  closed  will  permit  of  current  flowing  through  it  from  the  main 
battery,  and  since  the  line  signal  relay  is  inserted  serially  in  this 
circuit  at  the  central  office  its  armature   will  be  attracted,  which, 
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closing  a  secondary  circuit,  will  cause  the  lighting  of  the  line  lamp 
in  the  face  of  the  switchboard  adjacent  to  the  answering  jack  of 
the  subscriber  who  has  called.  The  lighting  of  the  line  lamp  is 
practically  simultaneous  with  the  removing  of  the  receiver  from  the 
hook. 

As  previously  stated  the  operator  is  provided  with  a  number 
of  pairs  of  double-ended  plugs  and  cords  which  are  so  wired  as  to 
permit  of  the  connection  of  two  subscribers'  lines.  Upon  seeing 
the  line  lamp  light  the  operator  will  pick  up  a  plug  connected  to 
one  of  her  answering  cords  and  insert  it  into  the  answering  jack 


G.\S  EXGINEi: 


associated  with  the  lighted  line  lamp.  The  inserting  of  the  plug 
in  the  answering  jack  causes  a  flow  of  current  in  the  controlling. 
or  third  wire  circuit.  It  will  be  noticed  that  this  current  in  the 
third  wire  Hows  through  the  cut-off  relays,  thus  causing  its  arma- 
ture to  attract  and  open  the  circuit  through  the  line  lamp.  This 
causes  the  extinguishment  of  the  line  lamp  automatically.  As  the 
subscriber  has  his  receiver  off  the  hook  the  line  is  closed  at  the 
telephone,  and  as  soon  as  the  plug  is  fully  inserted  the  line  current, 
which  the  instant  before  was  broken  by  the  cut-off  relay,  is  re- 
established through  one-half  of  the  repeating  coil  and  the  cord  cir- 
cuit. The  current  flowing  in  the  main  line  will  cause  the  ojx-ration 
of  the  lo-ohm  supervisory  relay  which  is  ])laced  in  series  with  one 
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side  of  the  cord  circuit.  This  relay  being  operated  will  connect  the 
40-ohm  shunt  around  the  supervisory  lamp  which,  therefore,  will 
not  receive  sufficient  current  to  be  illuminated.  The  operator  will 
now  depress  her  listening  key  which  will  connect  her  telephone  set 
in  parallel  with  the  cord  circuit  which  is  connected  to  the  sub- 
scriber's line.  She  will  now  speak  into  her  transmitter  and  obtain 
from  the  subscriber  the  number  wanted.  The  operator's  set  is 
practically  the  same  as  an  ordinary  telephone,  but  arranged  with 
switching  devices  so  that  it  may  be  connected  to  the  various  cord 
circuits. 

Upon  receiving  the  number  wanted  the  operator  will  take  the 
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calling  plug  of  the  same  pair  of  cords  and  reaching  to  the  multiple 
jack  of  that  number  will  touch  the  sleeve  of  the  jack  with  the  tip 
of  the  plug.  In  Fig.  4  the  called  subscriber's  line  is  represented  at 
the  right  of  the  diagram.  If  the  subscriber's  line  wanted  is  plugged 
at  some  other  part  of  the  board  the  potential  of  the  sleeves  of  all  the 
multiple  jacks  of  that  line  will  be  raised  above  the  earth  and  under 
this  condition  if  the  sleeves  of  any  of  these  multiple  jacks  are 
touched  by  the  tip  of  a  plug  there  will  be  a  rush  of  current  through 
the  cord  circuit  which  will  cause  a  click  in  the  operator's  ear  and 
thus  inform  her  that  the  line  is  "busy."  If  the  line  wanted  is  not 
busy,  which  would  be  indicated  b}-  silence  when  the  tip  of  the  plug 
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is  touched  to  the  sleeve  of  the  jack,  the  operator  will  fully  insert  the 
plug  and  depress  one  of  her  ringing  keys  connected  to  the  cord. 
This  will  send  a  single-phase  alternating  current  over  the  line  of  the 
called  suhscriber  through  the  condenser  and  bell  located  in  his  tele- 
phone. The  ringing  of  the  bell  will  summon  the  called  subscriber 
to  his  telephone. 

The  insertion  of  the  calling  plug  has  operated  the  cut-off  relay 
and  will  prevent  the  called  subscriber  from  flashing  his  line  lamp 
when  he  answers  the  call.  However,  until  the  called  subscriber 
answers,  the  supervisory  relay  connected  with  the  calling  plug  will 
not  be  operated  and,  therefore,  no  shunt  will  be  around  the  super- 
visory lamp.  The  supervisory  lamp  will  thus  be  illuminated  and 
will  clearly  indicate  to  the  operator  that  the  called  subscriber  has 
not  answered.  She  will,  therefore,  keep  on  ringing  until  he  an- 
swers or  finally  send  back  a  "don't  answer"  report  to  the  calling 
subscriber.  Should  he  answer,  current  will  flow  through  both  sides 
of  the  line  from  the  right-hand  half  of  the  repeating  coil  and  will 
operate  the  supervisory  relay  which  will  shunt  the  supervisory  lamp 
and  cause  it  to  be  extinguished.  The  connection  now  being  com- 
pletely established  the  two  subscribers  will  converse  with  each  other 
on  the  principles  already  described.  When  the  conversation  is  fin- 
ished and  both  subscribers  hang  up  their  receivers  both  lines  will 
be  opened  at  the  hook  contacts  and  the  supervisory  relays  will  re- 
lease. This  will  remove  the  shunt  from  around  the  supervisory 
lamps  and  cause  them  to  be  illuminated.  The  lighting  of  the  super- 
visory lamps  connected  with  the  cord  circuits  indicates  to  the 
operator  that  the  conversation  is  finished.  She  will  then  remove 
the  plugs  from  both  the  answering  jack  and  the  multiple  jack  and 
all  circuits  will  return  to  normal  and  all  lamps  will  be  extinguished. 

The  circuits  above  described  show  the  connections  w'hich  take 
place  for  local  connections  between  two  subscribers  connected  with 
the  same  office.  In  a  modern  telephone  system  in  a  large  city  this 
is  only  one  of  the  many  hundreds  of  circuit  combinations  which 
must  be  used.  There  must  be  provided  suitable  trunks  and  signals 
between  relay  offices  for  local  connections  and  for  toll  connections, 
trunks  between  long  distance  boards  and  local  boards,  order  wire 
circuits  and  ringing  circuits  to  private  branch  exchanges,  etc.  So 
many  are  the  circuit  combinations  that  a  complete  description  of 
them  is  practically  impossible  and  would  be  out  of  place  in  a  paper 
of  this  character. 


TESTING  OF  SHEET  STEEL* 

By  C.  E.  SKINNER 

AT  THE  present  time  the  rate  of  consumption  of  sheet  steel 
in  the  manufacture  of  electrical  apparatus  in  the  United 
States  alone  is  probably  not  less  than  one  hundred  million 
pounds  per  year.  Assuming  that  twenty  per  cent,  of  this  material 
is  subjected  to  the  conditions  under  which  the  so-called  iron-loss 
occurs  and  that  this  loss  is  one  and  one-half  watts  per  pound,  we 
find  we  have  a  total  loss  of  30000  kilowatts  (40000  horse-power), 
or  an  amount  of  power  approaching  the  output  of  the  largest  single 
electrical  power  station  in  existence.  At  the  rate  of  twenty-five 
dollars  per  horse-power  per  year  this  represents  a  money  value  of 
one  million  dollars.  This  loss  manifests  itself  as  heat  in  the  ap- 
paratus and,  therefore,  serves  no  useful  purposes,  but  forms  one  of 
the  limitations  to  the  output  of  the  apparatus. 

The  losses  referred  to  are  the  hysteresis  and  eddy-current 
losses,  more  commonly  combined  under  the  general  term  "iron- 
loss.'^  This  loss  occurs  in  all  magnetic  material  which  is  subjected 
to  alternating  magnetic  stresses,  the  amount  of  the  loss  in  any 
given  material  depending  upon  a  number  of  conditions  which  will 
be  referred  to  later. 

In  general  the  following  must  be  taken  into  consideration  in 
connection  with  the  testing  of  sheet  steel  for  electrical  purposes : 

(i)  The  losses  in  different  sheet  steels  vary  greatly  with  the 
chemical  composition  and  with  the  physical  condition  due  to  the 
heat  treatment  and  the  mechanical  working  which  the  steel  has  re- 
ceived. 

(2)  In  most  sheet  steel  the  losses  may  be  reduced  by  anneal- 
ing to  a  relatively  small  value. 

(3)  Nearly  all  steels,  when  the  losses  are  reduced  to  a  low 
value  by  annealing,  are  subject  in  a  greater  or  less  degree  to  aging, 
or  increase  in  loss,  due  to  the  influence  of  comparatively  low  tem- 
peratures. 

(4)  The  permeability  of  all  steels  which  may  be  rolled  com- 
mercially differs  by  a  comparatively  small  amount,  no  matter  what 
their  condition  with  respect  to  annealing. 


*A  paper  read  before  the  American  Society  for  Testing  Materials,  At- 
lantic City,  N.  J.,  June  i8th. 
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(5)  In  all  commercial  sheet  steels  the  ])hysical  characteristics 
are  well  above  the  service  requirements. 

Tlie  commercial  testing  of  sheet  steel  for  electrical  purposes 
therefore  resolves  itself  into : 

(a)  Chemical  tests  to  determine  the  composition  of  the  steel. 

(b)  Electrical  tests  to  determine  the  losses  in  the  steel  after 
punching,  before  and  after  annealing. 

(c)  Electrical  tests  to  determine  whether  aging,  or  increase 
in  the  losses,  occurs  when  the  steel  is  subjected  to  moderate  tem- 
peratures. 

(d)  Tests  for  permeability. 

(a)  Chemical  Te-^^ts. 

Sheet  steel  used  for  electrical  purposes  is  always  a  very  mild 
steel,  the  carbon  rarely  being  above  0.15  per  cent.,  the  phosphorus, 
sulphur,  silicon  and  manganese  also  usually  being  kept  quite  low. 
The  composition  may  vary  over  comparatively  wide  limits  and  the 
steel  still  fulfill  the  necessary  conditions  as  to  quality.  One  or  two 
complete  analyses  from  each  heat  and  occasional  check  analyses 
from  the  sheet  before  and  after  annealing  are  usually  sufficient  for 
the  purpose. 

(b)  Loss  Tests. 

By  far  the  most  important  tests  are  those  to  determine  the 
hysteresis  and  eddy-current-losses,  either  separately  or  combined, 
the  amount  of  these  losses  showing  the  electrical  quality  of  the 
steel. 

Hysteresis-Loss — Hysteresis-loss  may  be  defined  as  the  work 
done  in  reversing  the  magnetism  in  the  steel,  and  it  may  be  con- 
sidered as  the  molecular  friction  due  to  the  reversal  of  the  mag- 
netism, this  friction  manifesting  itself  as  heat.  The  amount  of 
hysteresis  in  a  given  steel  varies  with  the  composition,  with  the 
hardness,  with  the  maximum  induction  at  which  the  steel  is  work- 
ed, with  the  frequency  of  reversal  of  magnetism,  with  the  wave 
form  of  the  applied  electromotive  force  used  in  the  test,  and  with 
the  temperature  of  the  test  sample.  The  hysteresis-loss  is  greater 
as  a  rule  in  hard  steels  than  in  soft  steels.  It  varies  approximately 
as  the  1.6  power  of  the  induction,  and  directly  as  the  frequency. 
It  is  greater  with  a  flat-top  or  a  sine  wave  electromotive  force  than 
with  a  peaked  or  a  saw-toothed  wave. 

Several  instruments  have  been  devised  for  measuring  the  hys- 
teresis-loss  in   steel.     The   Ewing  hysteresis   meter  is  probablv   the 
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best  known  and  most  nsed.  With  this  inhtranient,  samples  weigh- 
ing only  a  few  ounces  are  required  for  the  test,  the  measurements 
being  made  at  a  fixed  induction,  and  the  instrument  cahbrated  so  as 
to  read  direct  in  some  convenient  unit.  A  complete  description  of 
this  instrument  and  the  method  of  its  working  may  be  found  in 
the  Journal  of  tlic  Institniion  of  Electrical  Engineers  (London), 
Vol.  24,  page  398.  Other  instruments  employing  the  same  general 
principle  or  entirely  different  methods  are  available  for  measuring^ 
hysteresis-loss,  but  as  these  may  all  be  found  in  the  text-books  of 
the  day  their  description  will  not  be  given  here. 

Hysteresis  measurements  are  valuable  as  showing  the  effect 
of  annealing,  but  as  it  is  very  difficult  in  practice  to  separate  the 
hysteresis-loss  from  the  eddy-current  loss  and  as  the  total  loss  under 
working  conditions  is  the  point  of  vital  importance  to  the  user  of 
the  steel,  measurements  of  hysteresis-loss  alone  become,  in  general, 
of  secondary  importance. 

Eddy-Currciif-Loss — By  eddy-current-ioss  is  meant  the  loss 
due  to  the  circulation  of  electric  currents  in  the  sheets  themselves 
and  between  adjacent  sheets,  due  to  the  steel  acting  as  a  conductor 
in  an  alternating  magnetic  field.  The  eddy-current-loss  varies  in- 
versely as  the  ohmic  resistance,  directly  as  the  square  of  the  in- 
duction, and  decreases  as  the  temperature  increases.  It  is  greater 
in  thick  sheets  than  in  thin  sheets,  and  is  greater  as  the  insulation 
between  adjacent  sheets  is  less.  Tests  for  eddy-current-loss  alone 
are  difficult  to  make,  and  as  far  as  the  writer  is  aware,  no  instru- 
ment has  been  devised  for  this  purpose.  An  approximation  of  the 
amount  of  eddy-current-loss  in  a  given  sample  can  be  reached  by 
measuring  the  total  losses  at  different  inductions  and  assuming  that 
the  eddy-current-loss  varies  as  the  square  of  the  induction  and  the 
hysteresis-loss  as  the  1.6  power  of  the  induction.  For  special  in- 
vestigations the  eddy-current-loss  is  sometimes  calculated  in  this 
way,  but  commercially  such  tests  are  rarely  considered. 

The  measurement  of  the  total  losses  under  working  conditions 
gives  the  best  index  of  the  electrical  quality  of  the  steel.  As  the 
total  loss  is  made  up  of  the  combined  hysteresis  and  eddy-current- 
losses  it  is  subject  to  all  the  variations  of  each  as  outlined  above. 

Measurement  of  Total  Losses — In  commercial  routine  testing 
as  followed  out  in  the  sheet  steel  testing  department  of  the  West- 
irighouse  Electric  &  Manufacturing  Company,  of  which  the  writer 
has  charge,  two  separate  methods  which  may  be  designated  as  the- 
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transformer  method  and  the  armature  method  have  been  found  very 
satisfactory  In  both  these  methods  of  testing,  commercial  condi- 
tions of  operation  have  been  aimed  at  in  order  that  the  results  ob- 
tained might  be  checked  with  the  t^^sts  made  on  similar  material 
in  commercial  apparatus.  The  test  samples  have  also  been  so  chosen 
that  they  will  be  ;ivailable  for  commercial  apparatus  later,  this 
effecting-  a  considerable  saving  of  material  where  many  tests  are 
made. 

The  transformer  method  has  been  so-called  for  the  reason  that 
the  test  sample  consists  of  about  ten  pounds  of  punchings  of  a 
standard  transformer  plate,  these  pnnchings  being  built  up  in  the 


FIG.    I — DYNAMOMETER  FOR  MEASURING  ARMATURE  LOSSES 

same  manner  as  when  used  in  the  transformer.  For  convenience 
in  handling  and  winding  the  test  sample,  a  block  carrying  the  coil 
has  been  devised,  this  block  being  split  and  the  wires  of  the  coil 
continued  between  the  two  parts  by  means  of  mercury  cups  and 
contacts.  By  this  means,  samples  which  are  built  up  or  plates 
which  are  not  split  may  be  used  and  placed  on  the  testing  block 
with  the  winding  in  place  in  a  few  seconds.  The  routine  tests  on 
such  samples  consist  in  measuring  the  total  losses  at  a  given  in- 
duction  and  frequency,  by  means  of  a  wattmeter.  For  special  tests 
the  induction,  frequency,  wave  form,  and  the  pressure  on  the  sam- 
ple are  varied  as  desired. 
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This  test  is  used  regularly  for  judging  the  quality  of  each  lot 
of  steel  as  received,  for  judging  the  quahty  of  the  annealing  of 
each  furn-^cc  load  of  material,  and  for  determining  the  aging  on  all 
classes  of  material.  From  twenty  to  fifty  tests  per  day  are  made 
on  this  apparatus  by  one  operator.  In  making  tests  of  this  kind  the 
wave  form  of  the  applied  voltage  must  be  known  and  should  pre- 
ferably be  a  sine  wave ;  correction  must  be  made  for  the  copper  loss 
in  the  magnetizing  coil ;  correction  must  be  made  for  the  losses  in 
the  voltmeter  and  wattmeter,  or  these  losses  must  be  eliminated  in 
the  measurements ;  the  test  samples  must  be  at  approximately  uni- 
form temperature. 

The  armature  method  is  so-called  for  the  reason  that  the  test 
sample  consists  of  standard  armature  punchings,  which  are  revolved 
in  a  standard  form  of  dynamo  field.  The  measurements  are  made 
by  means  of  a  spring  dynamometer.  The  photograph  of  a  testing 
device  of  this  kind  is  shown  in  Fig.  2,  and  a  detail  drawing  of  the 
dynamometer  used  for  reading  the  losses  is  shown  in  Fig.  i.  The 
general  plan  of  this  apparatus  is  as  follows : 

A  small  variable-speed,  direct-current  motor  has  a  shaft  ex- 
tension on  which  the  sample  is  mounted.  The  speed  is  read  in  terms 
of  voltage  across  the  terminals  of  a  small  magneto  which  is  belted 
to  the  motor  shaft  and  shown  to  the  right  in  the  photograph.  The 
test  sample  is  revolved  in  a  field  having  specially  wound  field  coils 
and  adjustable  pole  pieces.  The  extension  shaft  on  which  the 
sample  is  mounted  carries  a  spring  dynamometer  with  a  special  de- 
vice for  reading  the  deflection  on  this  dynamometer  wdien  the  sample 
is  in  motion.  The  sleeve  which  carries  the  sample  is  provided  with 
heavy  flanges  and  is  adapted  to  be  placed  in  an  hydraulic  press  so 
that  any  desired  degree  of  pressure  may  be  reached  and  maintained 
on  the  sample  during  the  test. 

The  very  unique  spring  dynamometer  used  in  this  device  was 
designed  by  Mr.  S.  M.  Kintner  and  deserves  special  notice.  As 
will  be  seen  from  the  drawing  (Fig.  i),  the  hollow  shaft,  C,  con- 
tains a  spiral  spring,  /,  the  inner  end,  H,  being  rigidly  held  to  the 
shaft,  while  the  outer  end  is  fastened  to  the  sleeve,  ^1,  on  which  the 
sample  is  mounted.  The  shaft  carries  a  pointer,  E,  and  the  sleeve 
a  circular  disc,  D,  approximately  eight  inches  in  diameter,  graduat- 
ed on  its  beveled  face  in  a  uniform  scale  to  small  divisions.  In  close 
proximity  to  the  scale  is  placed  a  spark  gap,  G,  which  is  in  series 
with  the  secondary  of  the  induction  coil,  S.  The  primary  of  the 
induction  coil  is  connected  to  a  contact  device  on  the  motor  shaft, 
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the  break  point  being-  exactl\  in  line  with  the  pointer,  E.  Leyden 
jars  are  used  across  the  secondary  of  the  induction  coil  to  cut  down 
the  duration  of  the  spark.  The  scale  and  the  pointer  are  shielded 
from  the  light  of  ih.e  room,  and  a  tube,  F ,  is  provided  for  observing 
the  scale  and  pointer  at  the  exact  angular  position  occupied  when 
the  spark  passes  across  the  air-gap,  illuminating  the  scale  and 
pointer  for  an  instant  at  each  revolution  of  the  shaft.  By  this 
means  it  is  perfectly  feasible  to  read,  to  a  high  degree  of  accuracy, 
the  deflection  of  the  spring  when  the  scale  and  pointer  are  both 
revolving  at  a  speed  of  from  i  ooo  to  2  000  revolutions  per  minute. 


FIG.    2 — SHEET    STEEL    TE.STING    DEVICE — AR.M.'VTURE     METHOD.      TEST    SAMPLE    AND 
CONTACT  DEVICE   SHOWN   IN   POSITION 

The  bearing  between  the  sleeve  and  shaft  is  nicely  ground  and  well 
lubricated,  so  that  there  is  practically  no  friction  whatever  when 
the  test  sample  is  in  motion.  The  apparatus  is  calibrated  bv  meas- 
uring the  torque  on  the  spring  for  an  observed  deflection.  The  loss 
in  the  sample  is  then  measured  in  terms  of  torque  and  speed,  re- 
ducing this,  if  necessary,  to  the  ordinary  units  of  watts  per  pound 
in  the  test  sample.  For  comparative  work  this  reduction  is  not 
necessary. 

V>y  varying  the  field   strength,   the   air-gap.  the   form   of  pole 
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pieces,  the  speed  and  the  pressure  on  the  sample,  tests  under  a  wide 
range  of  conditions  are  obtained.  The  windage  may  be  measured 
bv  taking  readings  on  the  dynamometer  with  no  current  in  the  field. 
In  special  tests,  complete  curves  are  taken  at  varying  speeds  and 
field  currents.     In  routine  tests  only  a  few  points  are  taken. 

For  convenience  in  handling  the  samples,  which,  together  with 
the  sleeve,  weigh  approximately  125  pounds,  a  special  truck,  shown 
in  the  foreground.  Fig.  2,  has  been  devised,  by  means  of  which  the 
sample  can  be  carried  about  and  very  quickly  placed  in  position  on 
the  testing  shaft  with  a  minimum  amount  of  labor. 

The  above  apparatus  is  used  for  determining  the  quality  of 
armature  steel  as  received  and  the  quality  of  the  annealing.  It 
forms  a  most  convenient  method  of  studying  the  variations  in  arma- 
ture losses  due  to  varying  conditions,  such  as  pressure,  insulation 
between  sheets,  variation  in  induction,  variation  in  form  of  arma- 
ture slot,  etc.  The  actual  induction  may  be  measured  by  means  of 
a  special  coil  slipped  on  the  armature  punching,  the  leads  of  which 
are  brought  out  to  a  contact  device  mounted  on  the  special  truck 
used  for  carrying  the  test  samples.  This  device  has  been  in  con- 
stant use  for  several  months  and  has  been  found  so  satisfactory  that 
it  may  be  confidently  recommended  to  those  desiring  to  make 
similar  tests. 

(c)  Tests  for  Aging — It  was  discovered  about  ten  years  ago 
that  when  sheet  steel  is  annealed  so  as  to  have  a  low  loss  and  then 
subjected  to  a  temperature  of  from  80°  C.  to  100°  C.  the  loss  some- 
times increases,  in  some  special  cases  this  increase  being  as  much 
as  100  per  cent,  in  ten  days.  Fortunately  such  cases  are  rare,  and 
ordinarily  the  increase  is  small  or  there  is  no  change  whatever  in 
the  loss. 

As  the  aging  depends  on  the  kind  of  material  used  and  on  the 
heat  treatment  to  which  it  has  been  subjected,  it  becomes  very  de- 
sirable to  make  regular  routine  aging  tests  on  all  steel  used  for 
electrical  purposes.  This  is  all  the  more  necessary  as  it  is  practic- 
ally impossible  to  always  get  steel  which  has  been  subjected  to 
identical  treatments.  These  aging  tests  consist  merely  in  repeating 
the  measurements  for  total  losses  at  certain  definite  periods  of  time 
after  the  initial  tests,  the  sample  being  subject  in  the  interim  to  the 
aging  temperature.  Tests  after  ten  days  and  after  thirty  days  in 
the  aging  oven  usually  give  the  necessary  data  for  judging  the 
cjuality  of  the  material.     For  purposes  of  investigation,  longer  tests 
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arc  frcffuently  necessary,  especially  when  the  effect  of  temperatures 
lower  than  the  regular  aging  temperature  is  desired.  In  the  tests 
with  which  the  author  is  familiar,  aging  tests  are  frequently  run 
for  six  months  or  a  year,  and  some  special  tests  have  been  in 
progress  for  approximately  ten  years. 

The  transformer  samples  are  usually  used  for  the  aging  tests 
on  account  of  there  being  less  material  to  handle  and  the  tests  being 
more  easily  made  than  with  the  armature  samples. 

The  aging  oven  used  for  these  tests  consist  of  a  large  wooden 
box  covered  on  the  outside  with  galvanized  iron  and  lined  with 
asbestos.  Steam  coils  are  located  at  the  bottom  and  ventilators  are 
provided  at  the  top  and  bottom  so  that  a  slight  circulation  of  air 
may  be  secured  to  equalize  the  temperature.  Steam  at  150  to  180 
pounds  pressure  is  used  for  heating.  The  oven  is  divided  into  two 
parts,  one  of  which  runs  normally  at  a  temperature  of  very  ap- 
proximately 95°  C.  and  the  other  at  60°  C.  to  65°  C.  These  tem- 
peratures are  maintained  year  in  and  year  out,  and  the  oven  usually 
contains  from  100  to  200  samples  which  are  undergoing  the  aging 
test.  The  temperatures  mentioned  were  selected  for  the  reason  that 
the  higher  temperature  is  comparatively  easy  to  maintain  and  gives 
comparatively  rapid  aging  when  a  material  is  found  which  is  sub- 
ject to  aging,  and  the  lower  temperature  represents  very  approxi- 
mately the  temperature  at  which  ordinary  electrical  apparatus  will 
run  under  normal  working  conditions. 

(d)  Permeability  Tests — As  stated  earlier  in  this  paper,  the 
permeability  of  sheet  steels  used  for  electrical  purposes  varies  over 
comparatively  small  limits,  and  the  exact  permeability  of  a  particu- 
lar sample  is  ordinarily  not  of  great  importance.  It  is  not  custom- 
ary, therefore,  to  make  routine  tests  for  permeability.  Occasional 
tests  are  advisable,  however,  and  for  this  purpose  a  modified  per- 
meability meter  designed  by  Messrs.  Lamb  and  Walker  and  de- 
scribed in  the  Journal  of  the  Institution  of  Electrical  Engineers 
(London),  Volume  30,  page  930.  is  generally  used.  This  instru- 
ment arranged  for  measuring  solid  material  in  the  form  of  round 
bars  is  shown  in  Fig.  3.  For  measuring  sheet  steel,  the  form  of 
the  coil  and  sample  holders  are  changed  so  as  to  take  rectangular 
sections.  Strijis  of  steel  to  be  measured  are  sheared  to  the  proper 
dimensions  and  clamped  in  blocks  made  for  the  purpose,  the  meas- 
urements being  made  exactly  as  in  the  case  of  solid  material.  With 
this  instrument  a  complete  pcrmeabihty  curve  with  hysteresis  loop 
may  be  taken  in  a  comparatively  short  time.     The  accuracy  is  not 
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FIG.    3 — PERMEABILITY-METER — LAMB   AND    WALKER   PATTERN 

as  great  as  with  the  well-known  ballistic  method,  but  it  is  sufficient- 
ly accurate  for  the  purpose  and  the  tests  are  much  easier  to  make. 
The  intention  of  this  paper  has  been  to  bring  forward  some 
methods  of  testing  which  are  in  daily  use  and  which  have  been 
found  very  satisfactory  for  the  purpose  for  which  they  are  intend- 
ed. They  are  not  laboratory  methods,  as  the  term  is  usually  under- 
stood, but  they  are  capable  of  giving  valuable  results  from  an  in- 
vestigation standpoint,  as  the  results  obtained  may  be  applied  direct- 
ly to  commercial  apparatus.  It  is  evident  that  any  work  that  can 
be  done  to  reduce  the  losses  in  electrical  steel  and  prevent  aging 
Avhen  the  losses  are  reduced  will  be  of  great  value  to  all  manufac- 
turers and  users  of  electrical  apparatus. 


THE  BUSINESS  SIDE  OF  ENGINEERING* 

By  ALEXANDER  C.  HUMPHREYS 
President  of  Stevens  Institute 

THE  engineer,  to  be  practical,  must  be  trained  in  business 
methods.  The  use  of  the  word  practical  in  qualifying  the 
word  engineer  should  be  considered  redundant.  It  should 
be  understood  that  a  man  is  not  an  engineer  unless  he  is  practical. 
But,  unfortunately,  the  use  of  the  word  in  this  connection  is  found 
to  be  necessary.  It  is  again  unfortunate  that  the  word  practical, 
as  thus  used,  is  not  always  employed  in  the  same  sense.  Sometimes 
it  is  used  to  distinguish  between  the  rule-of-thumb  engineers  and 
the  educated  engineers  who  may  be  practical  in  fact ;  and  some- 
times it  is  used  to  distinguish  between  two  classes  of  educated  en- 
gineers, those  able  to  practically  apply  what  they  know  and  those 
who  cannot  render  effective  what  they  do  know.  *  *  *  The 
man  who  is  qualified  in  pure  science,  but  has  not  had  the  experience 
to  enable  him  to  put  his  knowledge  into  efficient  practice,  cannot 
claimi  to  be  an  engineer.  On  the  other  hand,  the  man  whose  lack 
of  knowledge  of  current  science  prevents  him  from  doing  anything 
except  rule-of-thumb  work  cannot  be  considered  a  practical  en- 
gineer because  his  practice  is  almost  sure  to  be  fault}-  unless  it  is 
confined  within  the  narrowest  of  limits ;  and  when  within  those 
limits,  discoveries  may  at  any  time  be  made  which  will  render  that 
practice  obsolete.  He  may  be  a  mechanic  or  craftsman,  but  he  is 
not  an  engineer. 

The  engineer  then  must  be  qualified  to  apply  through  the 
craftsman,  the  mechanic  and  the  laborer,  the  known  laws  of  nature 
as  applicable  to  his  particular  branch  of  engineering  and  as  further 
disclosed  to  him  from  time  to  time  by  the  man  of  science  and  re- 
search. 

Would  even  this  be  sufficient  to  qualify  a  man  as  a  practical 
engineer?  Not  unless  his  engineering  plans  and  designs  take  full 
account  in  each  case  of  the  limiting  commercial  conditions,  and  not 
unless  his  practice  is  found  by  comparison  to  be  efficient  and  eco- 
nomical. It  is  because  men  claiming  to  be  engineers  have  been  so 
often  found  to  be  inefficient  and  uneconomical  in  their  practice  that 


♦Abstract   of  an   address   delivered   before    Sibley   college,    Cornell    Uni- 
versity, and  printed  in  full  in  the  Sibley  Journal  for  Alay,  1904. 


BUSIXESS  SIDE  OF  TECHXICAL  EDUCATION      343 

business  men  are  inclined  to  discriminate  in  favor  of  so-called  prac- 
tical engineers  and  against  so-called  theoretical  engineers.  In  such 
cases  we  find  the  term  theoretical  engineer  used  by  way  of  reproach, 
because  the  one  using  it  fails  to  recognize  that  work  which  is  to  be 
done  in  advance  of  an  established  practice  must  be  based  upon 
theory  and  fails  to  see  that  a  man  should  not  be  reproached  for  fol- 
lowing a  theory — but  he  should  be  so  reproached  only  when  he  acts 
upon  a  partial  or  incorrect  theory. 

And  here  is  where  the  practical  ability  of  the  engineer  first  is 
employed ;  namely,  in  the  fitting  of  a  correct  and  complete  theory 
to  the  work  in  hand.  In  each  case  theory  and  practice  nuist  be 
adjusted  with  regard  to  each  other.  To-day  the  engineer  must  aim 
at  a  high  degree  of  efficiency ;  he  must  not  employ  his  power  waste- 
fully.  He  must  go  farther ;  he  must  develop  the  maximum  of  effi- 
ciency, from  the  minimum  expenditure  of  capital,  all  things  con- 
sidered. 

Then  to  be  efficient — that  is,  to  be  practical — in  the  manage- 
mient  of  important  engineering  work,  the  engineer  must  be  qualified 
by  training  and  experience  to  conduct  his  work  in  conformity  with 
commercial  conditions,  limitations  and  methods.  Unless  he  knows, 
understands,  takes  advantage  of  and  guides  himself  by  the  estab- 
lished usages  of  the  business  world  he  must  of  necessity  waste 
energy,  time  and  money  and  so  sufifer  from  the  competition  of  those 
who  are  better  equipped. 

I  hope  you  men  will  be  inclined  to  criticise  me  for  taking  so 
much  time  to  establish  this  point  for  the  reason  that  you  have  no 
desire  to  disagree  with  me.  But  from  my  past  experience  with 
engineering  students  I  can  hardly  hope  that  you  are  all  yet  prepared 
to  believe  that  the  engineer  needs  to  be  trained  in  business  condi- 
tions and  methods.         *         * 

In  this  connection  let  me  quote  one  paragraph  from  a  recent 
lecture  by  Mr.  W.  M.  ]\IcFarland  before  Sibley  College: 

''The  machinery  for  waterworks  pumping  engines  offers  a  field 
for  consideration  of  the  commercial  aspect.  If  the  pumps  are 
located  in  a  district  where  coal  is  very  cheap  it  is  easy  to  see  that 
elaborate  refinements  to  secure  great  steam  economy  may  represent 
a  financial  loss,  while  on  the  contrary,  where  coal  is  high,  it  pays 
to  get  the  most  economical  machinery.  In  other  words,  the  en- 
gineer when  scheming  his  general  plan  of  machinery  ought  to  make 
up  comparative  statements  which  would  include  not  only  the  cost 
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of  fuel,  but  the  interest  on  the  first  cost  and  allowance  for  deprecia- 
tion, repairs,  etc.  The  machinery  which  represents  the  lowest  ag- 
gregate of  these  annual  costs  will  be  that  which  is  best  to  use." 

All  this  is  self-evident  as  stated. 

But,  unfortunately,  too  many  engineers  lose  sight  of  this  truth 
when  the  necessity  for  its  application  appears,  and  many  others  who 
are  prepared  to  acknowledge  that  such  commercial  limitations  and 
conditions  should  be  carefully  considered,  find  themselves,  by  reason 
of  inexperience  in  the  matter  of  business  methods,  incapable  of  put- 
ting into  effect  the  truth  which  they  accept. 

I  have  frequently  met  this  weakness  in  my  young  engineering 
assistants.         *         * 

I  shall  now  speak  to  you  of  the  necessity  of  an  engineer  being 
qualified  to  take  cognizance  of  commercial  limitations  and  condi- 
tions through  his  acquaintance  with  business  methods.  *  *  *  lii 
nearly  all  engineering  work,  and  especially  in  the  operation  of  in- 
dustrial works,  it  is  necessary  to  meet  intelligent  competition.  This 
means  that  we  must  be  constantly  on  the  lookout  for  improved  and 
more  economical  methods  of  production.  If  there  is  a  chance  for 
improvement  we  must  discover  it  and  avail  ourselves  of  the  oppor- 
tunity. 

But  how  shall  this  be  done  if  we  concern  ourselves  onlv  with 
the  results  as  to  product  and  cost  and  we  do  not  keep  accurate, 
detailed  record  of  the  work  step-by-step.  We  may  quite  readily, 
perhaps,  be  able  to  find  the  final  cost  of  a  complete  piece  of  work — 
though  even  this  is  too  frequently  neglected — but  we  cannot  learn 
the  cost  of  each  step  of  the  work  except  by  a  system  of  account- 
keeping  adapted  to  the  particular  work  in  hand.  Unless  we  can 
by  analysis  of  such  a  detailed  account  of  cost  determine  with,  ac- 
curacy the  cost  of  each  step  in  the  process,  how  shall  we  discover 
the  wasteful  steps;  and  if  we  do  not  locate  them  how  can  we  cor- 
rect them? 

But,  you  may  reply,  this  can  all  be  left  to  competent  account- 
ants. So  it  could  be  after  the  competent  accountants  are  found. 
Who  shall  say  that  they  are  competent?  If  you  were  a  manager  of 
a  manufacturing  establishment,  would  you  be  prepared  to  take  an 
accountant  on  faith?  The  other  employes  you  would  expect  to 
select  through  the  exercise  of  your  trained  judgment.  The  manag- 
ing engineer  does  not  need  to  be  an  expert  bookkeeper,  but  he  does 
need  to  have  a  knowledge  of  the  principles  of  accounting.     He  should 
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be  able  to  direct,  or  at  least  intelligently  criticise,  the  accounting 
methods  followed  in  the  keeping  of  his  concern's  records.  This  is 
a  matter  of  vital  and  final  importance.         *         "•' 

In  connection  with  shop  cost-keeping  and  the  determining  of 
the  makeup  of  that  important  account  sometimes  called  Profit  and 
Loss  and  sometimes  Loss  and  Gain,  one  very  important  feature 
enters  in  with  nearly  every  business,  namely,  that  of  depreciation. 

Many  a  concern  has  gone  along  serenely  paying  out  dividends 
in  ignorance  of  the  fact  that  they  were  not  earned ;  the  fact  being 
that  these  dividends  were  paid  from  capital  because  depreciation 
had  not  first  been  covered  from  the  earnings. 

Many  a  concern  which  shows  a  profit  for  a  given  period  would 
show  a  loss  if  the  statement  of  assets  and  liabilities  were  corrected 
to  show  the  reduced  value  of  the  plant,  accounts  receivable,  bills 
receivable,  goods  in  store,  partly  manufactured  goods  and  raw  ma- 
terial. 

Again  you  say,  this  is  all  business  judgment  and  common  sense 
and  does  not  require  a  knowledge  of  accounting  to  enable  one  to 
exercise  a  v.ise  control.  But  bear  in  mind  that  the  record  of  all 
facts  will  appear  in  books  which  are  kept  by  methods  unfamiliar  to 
you,  and  you  cannot,  therefore,  consider  them  first  hand.  I  am  only 
arguing  in  favor  of  the  engineer  having  such  a  knowledge  of  ac- 
counting that  he  can  intelligently  consider  an  accountant's  state- 
ment. 

Let  me  say  I  am  not  expressing  opinions ;  I  am  speaking  from 
a  wide  experience  in  the  management  of  industrial  properties  and  m 
ihe  conduct  of  a  large  business  in  constructing  and  consulting  en- 
gineering. j\Iany  a  time  I  have  reluctantly  been  obliged  to  decide 
not  to  promote  some  junior  engineer  because  he  could  not  or  would 
not  see  that  the  engineer  must  also  be  competent  as  the  man  of 
business  unless  he  is  satisfied  to  remain  in  a  subordinate  position. 
Of  two  men  considered  I  have  frequently  passed  over  the  man  who 
was  the  stronger  as  an  abstract  engineer,  because  the  other  man 
had  the  horse  sense  and  business  ability  to  apply  his  science  to  the 
best  advantage  in  meeting  the  conditions  from  time  to  time  develop- 
ed. Where  I  have  used  the  term  abstract  engineer,  the  custom 
generally  is  to  say  theoretical  engineer,  but  I  hold  that  just  as  soon 
as  a  concrete  example  comes  up  for  consideration  the  practical  en- 
gineer must  be  able  to  establish  the  correct  theory  for  the  particular 
case  and  in  this  sense  we  cannot  distinguish  between  the  theoretical 
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and  practical.  As  1  have  before  said,  the  efficient  engineer  must  be 
practical  and  theoretical.         *         * 

I  could,  if  I  had  time,  give  >ou  case  after  case  from  my  own 
experience,  ^Yhere  in  the  examination  of  large  properties  in  con- 
nection with  proposed  change  of  ownership  the  combined  training 
in  engineering  and  accounting  has  been  required  to  prepare  a  cor- 
rect statement  of  values  within  the  time  allowed. 

1  could  give  you  example  after, example  out  of  my  experience 
in  the  management  of  a  parent  company  to  show  that  only  bv  a 
combined  training  in  engineering  and  business  methods  could  the 
system  of  imited  and  uniform  management  have  been  developed 
and  maintained. 

There  is  another  feature  in  connection  with  accounting  which 
should  be  referred  to.  The  manager  must  develop  the  abilitv  to 
intelligently  analyze  data  as  furnished  from  the  records  and  books 
of  account.  This,  by  the  way,  is  an  excellent  training  in  connec- 
tion with  the  consideration  of  the  strictly  technical  side  of  his 
work.         *         * 

Another  line  along  which  the  engineer  should  acquire  some 
experience  is  in  that  of  commercial  law,  especially  in  connection 
with  the  making  of  specifications  and  contracts.  Engineers  would 
not  furnish  much  business  for  the  lawyers  if  their  specifications, 
contracts  and  correspondence  were  first  carefully  considered  and 
then  made  to  express  just  what  was  intended. 

And  this  brings  us  to  another  important  feature  in  an  engineer's 
mental  equipment :  a  good  working  knowledge  of  his  mother  tongue. 
He  should  be  able  to  express  himself  clearly,  correctly,  explicitly 
and  forcibly.  If  he  can  acquire  some  measure  of  elegance  so  much 
the  better,  but  first  let  him  be  sure  that  he  is  expressing  without 
ambiguity  what  he  has  in  mind.  Tliere  will  be  an  additional  ad- 
vantage in  steady  eflfort  in  this  direction,  for  he  will  probably  dis- 
cover while  there  is  yet  time  to  correct  the  fault,  that  his  subjects 
are  not  as  clear  in  his  own  mind  as  he  had  supposed. 

I  wish  I  had  time  to  give  you  some  of  the  results  obtained  by 
analysing  a  year's  correspondence  of  a  large  parent  company  to 
determine  how  much  of  the  letter  writting  was  necessitated  bv  the 
original  or  initiative  communications  having  been  ambiguous  or  in- 
correct. Let  me  say  that  the  correspondence  would  have  been  re- 
duced to  less  than  one-fourth  of  its  actual  volume  if  all  communica- 
tions had  been  made  correct  and  explicit  in  the  first  instance.     The 
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tabular  exhibit  of  the  facts  placed  before  those  concerned  materially 
helped  to  correct  the  evil. 

Within  a  few  weeks  I  was  presiding  at  a  conference  of  en- 
gineers in  which  the  subject  of  consideration  was  the  development 
of  a  special  course  of  instruction  to  meet  the  needs  of  a  certain 
business.  Every  man  in  the  room  stated  that  in  his  opinion  the 
teaching  of  English  was  of  more  consequence  than  the  teaching  of 
any  other  subject.  Each  man  had  come  to  the  conference  with  the 
intention  of  expressing  this  opinion  expecting  to  have  all  the  others 
disagree  with  him.  As  one  man  put  it:  "I  prefer  to  have  my  as- 
sistants know  little  and  be  able  to  clearly  show  how  little  they  know 
than  to  leave  me  in  doubt  as  to  what  they  do  know  and  what  they 
do  not  know." 

It  certainly  will  be  conceded  that  the  making  of  correct  esti- 
mates of  cost  is  well  within  what  should  be  expected  of  the  engmeer. 

The  man  who  after  his  work  is  completed  studies  the  book 
records  of  cost  and  compares  the  actual  cost,  item  by  item,  with  the 
estimated  cost,  is  training  himself  in  the  best  possible  way  to  make 
correct  estimates  in  the  future.  And  it  is  very  seldom  that  the  man 
who  does  not  understand  business  methods  can  prepare  reliable 
estimates  of  cost.  It  is  for  this  reason  that  when  engineers  present 
their  estimates  for  the  performance  of  some  large  work  that  we 
so  often  hear  the  hard-headed  men  of  business  suggest  that  as  it 
is  an  engineer's  estimate,  fifty  per  cent,  or  ome  hundred  per  cent, 
should  be  added.  And  too  often  the  engineers  by  their  woeful  lack 
of  business  ability  have  furnished  sufficient  reason  for  these  criti- 
cisms. 

There  is  another  practical  advantage  to  be  obtained  from  the 
detailed  comparisons  of  estimates  with  cost  sheets.  The  engineer 
who  so  compares  his  estimates  with  his  results  is  training  himself 
to  follow  the  most  economical  methods  in  future. 

In  my  business  experience  I  have  found  that  the  young  en- 
gineers who  came  to  me  for  employment  were  not  only  deficient 
in  knowledge  of  business  methods,  but  they  often  found  it  difficult 
to  believe  that  the  engineer  should  have  such  knowledge,  and  some 
were  unwilling  to  so  believe  even  under  pressure.  Not  a  few  were' 
convinced  only  when  they  found  themselves  outstripped  by  their 
fellows  of  more  open  mind.         *         '■' 

When  I  began  my  work  at  Stevens  I  found  that  the  first  and 
most  important  step  was  to  convince  the  students  of  my  classes 
that  this  subject  is  one  which  the  engineer  cannot  afford  to  neglect. 
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I  feel  that  if  I  suceed  in  convincing'  my  stndents  on  this  point  dur- 
ing their  senior  year  and  nothing  more,  I  have  saved  many  of  them 
from  serious  and  perhaps  irrev.ocable  loss  in  connection  with  their 
post-graduate  training  in  the  field  of  practice. 

1  include  in  my  course  accounting,  depreciation  of  plant,  shop 
cost,  analysis  of  data  and  statistics,  and  commercial  law,  especially 
as  bearing  upon  contracts.  In  connection  with  work  along  these 
lines.  I  weave  in.  as  far  as  possible,  hints  as  to  business  methods  in 
general,  and  in  particular  I  try  to  show  the  great  desirability  of  an 
engineer  making  his  communications,  specifications,  etc.,  self-ex- 
planatory and  free  from  ambiguity. 

I  feel  that  if  these  men  can  be  convinced  of  the  real  value  of 
study  in  this  direction  they  can,  wdth  their  well-disciplined  minds, 
quickly  make  good  their  deficiencies  in  connection  with  their  daily 
experiences.  But  if  they  obstinately  and  stupidly  refuse  to  see  the 
necessity  for  this  knowledge,  they  of  course  w'ill  remain  in  their 
ignorance  and  so  be  forced  to  remain  in  subordinate  positions  as 
employes  of  men  of  broader  mind.  There  are  exceptions,  but  it  is 
hardly  safe  for  any  man  to  calculate  upon  his  being  able  by  reason 
of  exceptional  ability  to  rise  superior  to  rule. 

I  venture  to  prophesy  that  95  per  cent,  of  the  engineer  students 
who  are  now  listening  to  me  will  within  five  years  of  their  gradu- 
ation, if  not  before,  agree  to  my  proposition. 

I  further  prophesy  that  most  of  those  included  in  the  remainder 
— if  there  be  any  remainder — will  b}^  that  time  have  demonstrated 
that  their  opinions  are  not  of  much  worth  beyond  some  very  narrow 
limits. 

If  I  w^ere  asked  to  express  an  opinion  as  to  where  there  was 
the  best  opportunity  to  improve  our  courses  in  engineering,  I  would 
not  speak  oi  the  necessity  for  better  equipment  to  illustrate  the 
specialties  in  engineering  so  rapidly  and  so  forcibly  coming  forward 
for  recognition,  but  I  would  say  that  the  improvement  might  first 
better  be  looked  for  in  three  directions  : 

(i)  Greater  thoroughness  in  the  fundamentals  of  mathe- 
matics and  science. 

(2)  A  greater  amount  of  practical  instruction  in  English. 

(3)  Instruction  in  the  commercial  side  of  engineering  and 
in  business  methods  ])articularly  as  bearing  upon  engineering  \n-dc- 
tice. 

Part  of  this.  I  have  no  doubt,  sounds  verv  sordid  to  some  of 
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my  hearers.  But  I  venture  to  hold  the  opinion  that  instruction  in 
the  business  side  of  engineering-  offers  the  best  possible  opportunity 
for  training-  engineer-students  in  the  ethics  of  their  profession. 

I  say  this  though  I  am  fairly  familiar  with  the  arguments 
against  the  introduction  of  commercialism  into  the  curricula  of  our 
institutions  of  higher  learning. 

I  contend  that  the  first  point  to  be  aimed  at  in  education  is  to 
equip  the  students  to  be  self-supporting  and  so  self-respecting. 

I  contend  that  in  adding  instruction  in  business  methods  to  the 
engineer-students'  curriculum  we  are  also  increasing  the  chances 
of  developing  our  students  as  all-around  men. 

It  is  a  decided  step  in  the  direction  of  true  culture  if  we  can 
lead  our  disciples  to  look  at  things  from  all  points  of  view  and 
especially  from  that  of  'the  other  man. 

It  is  right  then  that  we  should  point  out  to  the  engineer- 
student  how  he  can  best  do  his  whole  duty  to  his  employer  and 
to  the  community.         *         * 

From  my  experience  as  an  engineer,  business  manager  and 
educator  I  am  firmly  of  the  opinion  that  such  a  course  of  instruc- 
tion in  business  methods  as  I  have  outlined  increases  the  technical 
and  practical  efficiency  of  the  course  and  it  greatly  increases  the 
opportunities  for  the  students  to  gain  in  culture. 


WINDING 
A  DIRECT-CURRENT  GENERATOR  ARMATURE 

By  ARTHUR  WAGNER 

IN  THIS  article  will  be  described  the  connections  and  construc- 
tion of  the  armature  winding  of  a  direct-current  generator  of 
standard  design.  The  armature  has  coils  formed  from  copper 
strap  and  the  winding  is  of  the  multiple-circuit  type,  in  both  of 
these  respects  typical  of  the  larger  sizes  of  direct-current  armatures. 

DESCRIPTION   OF  THE   WINDING 

The  armature  has  80  slots,  in  which  are  placed  80  complete 
coils,  two  sides  of  two  coils  per  slot,  or  what  is  commonly  called 
two  coils  per  slot.  Each  complete  coil  consists  of  three  single  coils 
of  one  turn  each.  The  complete  coil  is  made  by  forming  the  bare 
strap  on  a  cast-iron  former,  the  single  straps  are  separately  insulated 
from  each  other,  after  which  the  complete  coil  is  insulated.  The 
shape  of  the  coil  is  shown  in  the  photograph,  Fig.  6.  The  rear  end 
is  of  the  "involute"  shape,  and  the  front  end  is  of  the  "diamond" 
shape.  The  shape  of  the  end  connections  of  the  coil  is  determined 
solely  from  mechanical  reasons. 

Each  complete  coil  contains  six  conductors,  by  conductor 
meaning  one  side  of  a  single  coil.  There  are,  therefore,  480  con- 
ductors in  the  winding.  The  complete  coil  has  a  "throw"  of  i  and 
13,  i.  e.,  one  side  of  a  coil  is  placed  in  the  bottom  of  slot  No.  i,  and 
the  other  side  of  the  same  coil  is  placed  in  the  top  of  slot  No.  13. 
""  ,  Fig.  I  shows  the  armature  slot  containing 
six  conductors.  For  convenience  in  explain- 
ing the  diagram  of  the  connections  of  the 
winding  the  conductors  in  the  slot  will  be 
numbered  in  the  order  shown.  The  three  con- 
ductors of  the  bottom  side  of  the  first  coil 
will  be  I,  3  and  5.  Fig.  2  shows  the  connec- 
tions of  part  of  the  winding.  Conductor  No. 
I,  in  the  bottom  of  slot  No.  i,  is  connected  by 
the  rear  cross-connection  of  the  coil  to  con- 
ductor No.  74,  in  the  top  of  slot  No.  13.  This 
G.    I  —  ARRANGEMENT  couductor  IS  couuectcd  by  the  front  connec- 
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ductor  No.  3,  in  the  bottom  of  slot  No.  i,  adjacent  to  conductor  No. 
I.  Conductor  No.  3,  in  turn,  is  connected  on  the  rear  to  conductor 
No.  /6,  which  is  adjacent  to  conductor  No.  74.  This  method  of 
connection  is  continued  until  the  entire  armature  winding  is  com- 
pleted. This  type  of  winding  is  simple  and  flexible  in  its  require- 
ments. With  two  coils  per  slot  any  number  of  slots  may  be  used, 
although  it  is  usual  to  use  a  number  which  is  a  multiple  of  the  num- 
ber of  poles,  so  that  there  will  be  equal  numbers  of  conductors  in 
the  different  circuits  of 
the  winding.  In  design- 
i  n  g  the  winding  the 
throw  may  be  varied 
within  the  limits,  it  only 
being  necessary  that  the 
throw  shall  not  differ 
much  from  the  number 
of  slots  divided  by  the 
number  of  poles,  in  or- 
der that  the  two  sides  of 
the  same  coil  shall  not 
lie  under  poles  of  the 
same  polarity.  With 
any  particular  armature, 
however,  the  throw  can- 
not be  changed  from  the 
designed  throw  without  affecting  the  performance  of  the  machine. 

The  distinguishing  characteristic  of  this  type  of  winding  is  that 
the  armature  circuit  between  any  two  adjacent  brushes  is  composed 
entirely  of  conductors  under  two  poles.  This  is  shown  diagram- 
matically  in  Fig.  2  and  may  be  seen  actually  by  tracing  out  the 
winding  in  Fig.  3. 

The  eft'ects  of  this  arrangement  are : 

(i)  There  are  as  many  separate  circuits  in  the  armature  as 
there  are  poles,  these  separate  circuits  being  connected  in  parallel 
by  cross-connecting  rings  on  the  brush  holders.  This  characteristic 
gives  the  winding  its  name — multiple  circuit. 

(2)  Each  of  the  separate  circuits  generates  independently  the 
total  voltage  of  the  generator  by  the  action  of  the  magnetic  flux 
from  only  two  adjacent  poles.  In  this  resjiect,  a  multipolar  genera- 
tor,   say,   of   six   poles,    is    analogous    to   three    separate    two-pole 
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generators  connected  in  parallel  and  having  the  same  number  of 
conductors  in  series  bet\veen  brushes. 

Balancing  Rings — [\lultiple-circuit  armatures,  except  in  the 
smallest  sizes,  are  provided  with  balancing  rings.  These  are  neces- 
sary on  account  of  Tne  fact  that  the  winding  consists  of  a  number 
of  circuits  connected  in  parallel,  the  voltage  in  the  different  circuits 
being  introduced  by  different  poles.  This  necessitates  the  magnetic 
flux  from  all  of  the  poles  being  the  same,  so  that  the  voltage  in- 
duced in  all  of  the  circuits  will  be  the  same.  It  is  the  function  of 
the  balancing  rings  to  equalize  the  field  strength  of  the  different 
poles.  This  action  has  been  explained  in  the  February  issue  of  The 
Journal.  Each  balancing  ring  connects  together  all  of  the  points 
in  the  armature  winding,  which  are  normally  of  the  same  potential, 
this  number  being  equal  to  the  number  of  pairs  of  poles.  The  num- 
ber of  balancing  rings  necessary  is  determined  only  by  experience. 
The  balancing  rings  may  be  connected  to  the  winding  either  at  the 
commutator  end  or  the  rear  end  of  the  winding.  In  the  former 
case,  the  rings  are  connected  to  the  winding  by  means  of  the  com- 
mutator necks,  and  in  the  latter  case  they  are  connected  to  taps 
taken  directly  from  the  end-connections  of  the  armature  coils. 

In  the  present  case  the  balancing  rings  are  connected  to  the 


FIG.    4 — THE   -ARMATURE   CORE    WITH    BALANCING    RINGS    IN    POSITION 

winding  at  the  commutator  end,  as  shown  in  the  photograph  of 
the  core  in  Fig.  4.  The  rings  are  made  of  rubber-covered  cable, 
held  in  position  by  brass  clamps  bolted  to  the  armature  spider. 
Short  pieces  vof  cable  connect  the  rings  to  the  proper  commutator 
necks,  these  necks  being  specially  formed  to  receive  the  cable  con- 
nections. There  are  eight  rings  each  connected  to  three  equidistant 
bars  in  the  commutator.  These  connections  are  shown  in  Fig.  5, 
each  circle  representing  a  balancing  ring,  and  the  numbers,  the 
number  of  the  commutator  bar  to  which  the  r\n<z  is  connected. 
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CONSTRUCTION  OF  THE  ARMATURE 

Fig.  4  shows  the  armature  core,  commutator  and  balancing 
rings  assembled  and  ready  for  winding.  In  strap-wound  armatures 
the  winding  is  always  done  with  the  commutator  in  place,  to  facili- 
tate placing  the  leads  in  the  commutator  necks. 

The  commutator  is  first  tested  completely  around  its  circumfer- 
ence for  short  circuits  between  adjacent  bars  at  a  voltage  of  300, 
and  for  grounds  at  2  100  volts,  both  alternating  current.  This  latter 
test  is  made  by  winding-  a  thin  copper  wire  tightly  around  the  com- 
mutator and  then  applying  one  terminal  of  the  test  leads  to  the  arma- 
ture core  and  the  other  terminal  to  the  copper  wire.  Each  armature 
coil  is  also  tested  for  short-circuits  at  250  volts,  alternating  current, 
before  being  put  on  the  armature  core. 

When  these  prelim- 
inary tests  have  been 
made  the  core  is  ready 
for  winding.  A  piece 
of  cloth  is  wrapped 
around  the  inner  edge 
of  the  commutator  to 
prevent  solder  fro  m 
dropping  on  the  bars 
behind  the  commutator 
necks,  causing  short- 
circuits  between  bars. 

W  in  din g — Paraf- 
fined-paper  cells  are 
placed  in  the  slots  to 
protect  the  insulation 
of  the  coils  while  wind-  fig.  5 — connections  of  the  balancing  rings 
ing.  In  placing  the  coils 

the  winder  stands  with  the  commutator  end  on  his  left  hand  and 
holds  the  short  side  of  the  coil  toward  him.  The  short  side  of  the 
coil  is  placed  in  the  bottom  of  slot  No.  i,  being  driven  in  place 
by  a  fibre  drift  and  raw-hide  mallet.  The  long  side  of  the  coil  is 
placed  in  the  top  of  slot  No.  13.  The  leads  of  the  coil  are  placed 
in  the  proper  commutator  necks  and  the  ends  of  the  coil  trued  up. 
The  core,  partly  wound,  is  shown  in  Fig.  6.  The  arrangement  of 
the  leads  of  one  coil  is  shown  in  the  sketch.  Fig.  7.  The  winding 
proceeds  in  such  a  direction  that  the  top  of  the  core  is  turned  awav 
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from  the  winder.  To  put  in  the  short  sides  of  the  last  twelve  coils, 
which  are  placed  in  the  bottom  of  the  slots,  it  is  necessary  to  raise 
the  long  sides  of  the  twelve  coils  first  placed  on  the  core,  slipping 
the  last  coils  in  under  those  alreadv  on  the  core. 


FIG.   6 — WINDING   THE   CORE 

Vv'hen  all  the  coils  are  in  position  the  projecting  tops  of  the  par- 
affined paper  cells  are  folded  over  the  slot  and  cut  off,  and  fibre 
wedges  are  driven  in  over  the  coils.  The  wedges  are  in  halves, 
the  two  halves  being  driven  in  from  opposite  ends  of  the  armature. 
At  this  point  the  winding  is  tested  for  grounds  by  applying 
I  800  volts,  alternating,  between  the  commutator  and  the  core. 

Preparing  the  Winding  for  Soldering — Hard  wood  wedges  are 

driven  between  the  commutator  necks,  as  shown  in  Fig.  8.     This 

makes  the  commutator  necks  rigid,  so  that  the  coil  leads  can  be  cut 

off  flush  with  the  outside  edge  of  the  commutator  neck.     Pieces  of 

5  _^  copper  strips  as 

thick  as  the 
strap  from 
""  which  the  coils 
are  made  and  of 
suitable  width 

FIG.   7 — LOCATION   OF  LEADS  OF  ONE  ARMATURE  COIL  arC  drivCH   iu   tllC 

commutator  neck  between  the  upper  and  lower  rows  of  leads  to  fill 
the  space  between  the  upper  and  lower  sides  of  the  coils. 
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FIG.   8 — PREPARING  THE  ARMATURE  FOR   SOLDERING 


FIG.    9 — SOLDERING   THE   ARMATURE    LEADS    TO   THE    COMMUTATOR 
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The  coil  leads  are  now  about  one-sixteenth  of  an  inch  below 
the  tops  of  the  commutator  necks.  With  a  flat  chisel  the  top  corners 
of  the  necks  are  pinched  together  (Fig-.  8)  and  thus  hold  the  leads 
in  position  and  prevent  the  solder  from  running  out.  With  a  point- 
ed drift  about  one-half  of  the  wedge  is  split  and  driven  out  (Fig.  8) 
and  the  remaining  half  is  driven  down  below  the  tops  of  the  com- 
mutator necks,  this  being  done  to  give  more  room  to  work  i'.i,  and 
to  prevent  the  soldering  flame  from  burning  the  wood. 

Soldering  flic  Leads — In  soldering  (Fig.  9)  a  small  pointed 
blast  flame  is  directed  on  the  neck  to  be  soldered,  a  strip  of  sheet 
iron  being  placed  between  the  necks  to  prevent  the  ones  just  solder- 
ed from  becoming  too  hot.  After  the  larger  spaces  in  the  neck  have 
been  filled  with  solder,  the  heat  from  the  soldering  iron  is  suflicient 
to  keep  the  neck  hot,  while  all  the  crevices  in  front  and  behind  are 
filled,  using  a  slender  stick  of  solder.  The  cross-connections,  which 
are  in  every  tenth  commutator  neck  and  are  below  the  coil  leads 
(Fig.  8),  are  soldered  in  as  the  process  continues. 


-IIAXIiIXli    THE    .XKMATL'RE 


Turning  Dozvn  the  Commutator — After  soldering,  all  the  half- 
wedges  are  driven  out  and  new  whole  ones  are  put  in,  in  order  that 
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the  commutator  necks  can  be  turned  down  in  a  lathe.  Practically 
no  copper  is  taken  off  in  this  operation,  so  that  the  necks  still  extend 
about  one-sixteenth  of  an  inch  above  the  leads.  The  commutator 
face  is  also  turned  down  and  sandpapered.  The  wedges  are  driven 
out  and  the  soldered  joints  filed  smooth  by  hand  and  the  necks  care- 
fully spaced.  The  temporary  cloth  band,  back  of  the  commutator 
necks,  is  now  removed  with  a  wire  hook,  and  after  an  examination 
for  small  particles  of  metal,  the  commutator  is  tested  between  bars 
for  short-circuits  at  no  volts,  alternating. 

Banding — The  use  of  fibre  wedges  in  the  slots  obviates  the 
need  of  band  wires  on  the  armature  core,  but  coils  of  this  shape 
and  size  require  a  band  on  the  rear  end.  This  band  is  put  on  by 
rotating  the  armature  in  a  lathe,  as  shown  in  Fig.  lo.  Braid  insula- 
tion is  put  on  under  the  band  wire  and  the  band  is  kept  in  place  by 
tin  clips.  The  band  is  started  nearest  the  core  and  works  away 
from  it ;  banding  in  the  other  direction  would  cause  the  outer  end 
of  the  band  to  become  loose. 

Balancing — The  armature  is  statically  balanced  on  a  table,  as 
shown  in  Fig.  ii.    Ground  and  polished  rings  are  put  on  the  arma- 


FIG.    II — THE  BALANXING   TABLE 


ture  shaft,  making  a  very  sensitive  bearing.  Any  unbalance  will 
cause  the  armature  to  turn  until  the  heaviest  part  is  the  lowest. 
When  the  light  side  is  located  the  unbalance  is  corrected  by  casting 
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the  proper  weight  of  babbitt  in  some  recess  in  the  armature  spider. 
If  there  is  no  suitable  place  for  casting,  the  babbitt  is  held  in  place 
by  screws. 

Balancing  completes  the  construction  of  the  armature. 

The  multiple-circuit  winding  here  described  and  the  two-circuit 
winding  described  in  the  May  issue  of  The  Journal  are  practical- 
ly the  only  types  of  constant-voltage  direct-current  windings  in 
use,  and,  consequently,  the  only  types  requiring  study  by  those  who 
desire  to  obtain  a  working  knowledge  of  direct-current  windings. 


FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY-VI 

By  R.  E.  WORKMAN 

REGULATION  OF  i\IoTOKS — 111  iiiotors  designed  for  c(jn?tant 
speed  the  regulation  is  the  relation  between  change  in  speed  from 
full-load  to  no-load,  and  full-load  speed,  with  constant  current  in 
the  shunt  fi(?ld  and  constant  terminal  voltage ;  i.  e.,  if  a  motor's  no- 
load  speed  is  920  r.  p.  m.,  and  its  full-load  speed  902  r.  p.  m.,  under 
the  conditions  mentioned  above,  its  regulation  is  said  to  be  two 
per  cent. 

The  Drop  ill  Speed  in  a  Motor — Suppose  the  motor  to  be  run- 
ning wdth  its  brushes  on  the  no-load  neutral,  and  the  effect  of  the 
armature  reaction  on  the  field  to  be  negligible.  If  the  load  is  in- 
creased the  motor  will  be  for  an  instant  unable  to  give  sufficient 
torque  to  cope  with  the  load  and  will  consequently  slow  down.  This 
drop  in  speed,  if  the  motor  field  strength  is  constant,  causes  a  drop 
in  the  e.  m.  f.  induced  in  the  armature,  and  consequently  a  greater 
difference  betw^een  the  e.  m.  f.  induced  in  the  armature  and  the 
line  voltage.  This  allows  a  greater  current  to  flow  in  the  armature, 
which,  with  the  assumed  constant  field  strength,  will  cause  a  pro- 
portionately greater  torque,  and,  if  the  torque  impressed  on  the 
motor  is  not  too  great,  the  speed  will  take  such  a  value  as  to  give  a 
balance  between  the  load  torque  and  that  developed  "by  the  motor. 
It  will  be  noticed  from  the  foregoing  that  the  armature  resistance 
determines  the  drop  in  speed,  since  a  larger  resistance  requires  a 
greater  difference  between  induced  e.  m.  f.  and  the  line  voltage  to 
allow  the  necessary  current  to  flow  through  the  armature. 

If  an  increase  in  armature  current  causes  a  change  in  field 
strength,  due  either  to  series  turns  on  the  field  poles,  or  to  arma- 
ture reaction,  the  speed  will  momentarily  decrease  with  an  increase 
of  load,  just  as  before,  but  the  resulting  change  in  current  will  alter 
the  field  strength,  thus  altering  the  counter  e.  m.  f.  and  causing  a 
change  in  the  sjjced  required  for  balance  between  the  torque  im- 
pressed on  the  motor  by  the  load  and  that  developed  by  the  motor ; 
this  change  in  speed  will  be  an  increase  if  the  field  is  weakened  by 
an  increase  in  current,  and  a  decrease  if  the  field  is  strengthened  by 
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an  increase  in  current.  In  the  case  of  a  cuniulativel}- wound  com- 
pound motor,  the  drop  in  speed  will  be  greater  because  the  field 
strength  is  increased  with  an  increase  of  load;  and  in  a  dift'eren- 
tially-wound  compound  motor  the  speed  on  load  may  be  made 
higher  than  the  no-load  speed. 

Comparing  the  effect  of  armature  current  on  the  field  in  the 
case  of  a  motor  with  that  in  the  case  of  a  generator,  it  will  be  seen 
that,  since  tlie  direction  of  the  current  in  the  conductors  is  reversed 
for  the  same  direction  of  rotation,  the  cross-magnetizing  force  will 
be  reversed  and  c(3nsequently  the  brush  lead  will  have  to  be  back- 
ward, and  since  both  the  brush  lead  and  the  current  in  the  conduc- 
tors are  reversed,  the  eft'ect  of  the  back-magnetizing  force  will  still 
be  opposite  to  that  of  the  field  turns  and  the  field  will  still  be  weak- 
ened by  the  armature  current ;  this  tends  to  keep  up  the  speed  of 
the  motor  with  increase  in  load  if  there  is  back  lead  on  the  brushes. 
The  effect  of  armature  resistance,  however,  is  to  counterbalance 
that  of  armature  reaction  as  described  above. 

I\f otors  are  compounded  for  one  of  two  purposes :  to  cause  a 
drop  in  the  speed  when  the  load  is  increased,  giving  a  greater  pos- 
sible torque  for  a  given  load  than  the  shunt  motor  (one  of  the 
characteristics  of  a  series  motor),  or  to  obtain  constant  speed  char- 
acteristics. The  former  class  are  wound  cumulatively,  i.  e.,  so  that 
the  series  coils  assist  those  of  the  shunt  and  strengthen  the  field 
with  an  increase  of  load.  The  latter  are  differentially  wound.  The 
advantage  of  the  cumulatively-wound  motor  over  a  series  motor  is 
that  it  cannot  run  away  if  the  load  is  dropped.  The  differentially- 
wound  motor  is  very  seldom  used,  the  advantage  of  constant  speed 
being  seldom  great  enough  to  counterbalance  the  complication  of  a 
series  winding. 

There  are  three  methods  of  making  a  test  for  regulation  of 
motors,  the  method  chosen  depcndmg  chiefly  on  the  size  of  the 
machine. 

(a)  Ikdted  to  a  generator,  loaded  on  racks. 

(b)  Belted  to  a  generator,  loading-back  methods. 

(i)      With  a  similar  machine. 

(ii)    With  a  machine  of  lower  voltage  but  the  same  cur- 
rent capacity. 

(c)  By  brake  test. 

(a)  Regulation  ok  a  Motor  i')i:r/rn;n  to  a  Ghnkrator  Load- 
ed ox  Rf.sist.vxcf.  :    PrcpanUions  for  Test — The  same  table  is  used 
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as  in  the  last  tests,  connected  as  shown  in  Fig.  29.  A  generator 
of  about  the  same  size  as  the  machine  to  be  tested  is  belted  to  it  to 
be  loaded  on  a  resistance  rack. 


Rhcosut. 


Scheme  of  Connections. 


Motor.       —Power. 


+  Power. 


FIG.  29 — CONNECTIONS  FOR  REGULATION   TEST  OF   MOTOR  BELTED  TO  GENER.\TOR 
LOADED  ON  RESISTANCE 

Conduct  of  Test — The  motor  is  started  by  temporarily  putting 
a  starting  resistance  in  the  place  of  the  ammeter,  the  main  and  am- 
meter switches  being  open.  The  power  should  now  be  switched  to 
the  table  and  the  motor  field  switch  closed.  The  starting  resistance 
must  be  set  all  in  and  the  main  switch  closed.  The  motor  will  now 
start,  the  starting  resistance  may  be  gradually  cut  out  and  the  am- 
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meter  switch  closed,  short  circuiting  the  starting-  resistance.  The 
brushes  should  be  set  at  a  trial  full-load  position,  which  may  be 
done  as  the  no-load  neutral  has  already  been  found  and  marked,  in 
the  iron-loss  and  saturation  tests.  The  generator  field  may  now  be 
closed  and  the  generator  loaded  on  the  rack.  The  regulation  points 
will  be  taken  just  as  in  the  case  of  a  generator  except  that  speed  is 
now  the  dependent  variable,  instead  of  voltage.  The  shunt  field  cur- 
rent and  the  terminal  voltage  are  held  constant  throughout  the  test. 
The  shunt  resistance  is  adjusted  at  full  load  so  as  to  obtain  the 
proper  speed  at  that  load,  and  is  not  changed  during  the  test.  As 
accurate  speed  regulation  is  seldom  required  in  compound  motors, 
a  shunt  to  the  series  windings  is  seldom  used.  The  readings  taken 
are :  armature  amperes,  shunt  field  amperes,  speed,  and  terminal 
voltage. 

The  working  up  of  results  will  be  described  later,  as  it  is  the 
same  whatever  the  method  used  for  loading  the  machine. 

(b)  Loading-Back  Methods — These  tests  depend  on  exactly 
the  same  principles  as  the  loading-back  methods  used  with  gener- 
ators. In  every  case,  the  voltage  on  the  motor  terminals  and  the 
shunt  field  current  are  held  constant  while  the  load  is  varied.  In 
order  that  these  conditions  may  be  fulfilled  it  will  be  necessary  to 
vary  the  speed  of  the  machines.  The  curve  of  speed  plotted  to 
external  amperes  will  evidently  be  the  same  as  if  the  motor  were 
loaded  under  running  conditions.  It  will  be  seen  that  where  a 
driving  motor  is  used,  the  speed  practically  becomes  the  independent 
variable,  and  the  external  amperes  the  dependent  variable ;  in  other 
words  the  speed  of  the  ivhole  set  is  controlled  from  the  shunt 
rheostat  of  the  driving  motor. 

(i)  Loading  a  Motor  Back  on  a  Generator  of  the  Same 
OR  Greater  Capacity  and  of  the  Same  Voltage — This  test  is  the 
same  as  that  with  a  generator  loaded  back  on  a  motor  of  the  same 
or  greater  capacity  except  in  one  or  two  points.  The  motor  being 
in  this  case  the  machine  tested,  its  terminal  voltage  and  shunt  field 
resistance  are  held  constant,  instead  of  the  speed  and  shunt  field 
resistance  as  in  the  case  of  the  generator.  The  speed  of  the  motor 
is  in  this  case  the  variable  instead  of  the  voltage  of  the  generator. 

As  before,  it  will  be  necessary  to  see  that  the  series  fields  of 
both  machines  are  connected  up  so  as  to  work  in  the  same  way 
with  the  current  flowing  through  the  two  in  series. 
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Prcl^arafioiis  for  Test — The  table  connections  will  be  exactly  as 
shown  in  Fig.  23  (June  issue),  the  two  machines  being  belted  to- 
gether antl  to  a  driving  motor,  as  before. 

Conduct  of  Test — The  machines  will  be  started  up  and  par- 
alleled in  the  same  way  as  in  the  case  of  loading  back  a  generator  on 
a  motor  of  the  same  or  greater  capacity  and  the  same  voltage,  the 
only  difference  in  the  conduct  of  the  two  tests  being  in  the  readings 
taken. 

In  order  to  find  the  amount  of  resistance  required  in  the  shunt 
field,  where  the  motor  is  a  large  one  and  is  to  be  provided  with  a 
shunt  field  resistance,  it  is  necessary  first  to  take  a  full-load  reading. 
The  speed  is  made  correct  by  means  of  the  shunt  field  rheostat  of 


Scheme  of  Connections. 
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FIG.   30 — CONNECTIONS  FOR  REGULATION   TEST  OF   MOTOR  LOADED  BACK   ON  GEN- 
ERATOR OF  SAME  CAPACITY  AND  VOLTAGE 
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the  driving-  motor  and  tlie  shunt  field  resistance  of  the  machine 
under  test  adjusted  till  the  proper  current  is  obtained  in  the  arma- 
ture. This  adjustment  of  the  shunt  field  is  held  constant  through- 
out the  test.  A  series  of  readings  is  taken  at  various  loads,  by 
altering  the  speed  of  the  driving  motor  by  means  of  its  shunt  field 
resistance.  It  should  be  noticed  that  the  current  measured  by  the 
main  ammeter  is  the  external  current,  not  the  armature  current  as 
in  the  test  with  resistance  load. 


Rheostat. 
Scheme  of  Gonncctions. 


125  Voh  Test  Circu 


Driving  Motor. 


TCur 


FIG.     31 — CONNECTIONS    FOR    REGUL.\TION    TEST    OF     MOTOR    LO.\DED    BACK    ON 
GENER,\TOR  OF  SAME  CURRENT  CAPACITY  BUT  LOWER  VOLTAGE 

As  in  the  case  of  generators,  where  the  line  voltage  may  be 
adjusted,  it  is  possible  to  make  this  test  without  a  driving  motor. 
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The  test  is  practically  the  same  as  the  analogous  one  made  in  the 
case  of  a  generator. 

Preparations  for  Test— In  this  case  it  is  convenient  to  start  the 
set  by  means  of  the  generator  working  as  a  motor  and  the  machines 
are  belted  up  and  connected  as  shown  in  Fig.  30. 

Conduct  of  Test — The  generator  should  have  its  brushes  set  to 
run  as  a  motor  and  may  then  be  started  up  in  the  usual  manner. 
The  motor  is  then  paralleled  as  the  generator  was  in  the  last  test,  and 
the  brushes  set  in  their  proper  positions.  The  test  is  then  proceeded 
with  in  the  same  way  as  the  last,  the  shunt  resistance  required  being 
determined  as  before  and  held  constant  throughout. 

(ii)  Loading  a  Motor  Back  on  a  Machine  of  Lower 
Voltage  but  the  Same  Current  Capacity — In  this  case  it  is 
necessary  to  boost  up  the  generator  voltage  from  an  external  source 
of  power. 

Preparations  for  Test — The  machines  are  belted  together  and 
to  a  driving  motor,  as  in  the  last  test.  The  connections  are  made 
as  shown  in  Fig.  31.  The  series  connections  must  be  examined  to 
see  that  they  are  correct. 

Conduct  of  Test — The  set  is  started  up  as  in  the  preceding 
tests,  brought  to  speed  and  the  brush  position  adjusted,  all  circuits 
of  both  generator  and  motor  elements  being  open.  The  generator 
field  is  then  closed  and  the  positive  of  the  125-volt  circuit  connected 
to  the  negative  of  the  motor  element.  The  voltage  of  the  generator 
is  then  adjusted  to  give  the  proper  working  voltage  of  the  motor 
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when  added  to  the  125  volts  of  the  testing  circuit.  The  shunt  cir- 
cuit of  the  motor  element  is  then  closed,  its  voltage  brought  up  to 
exactly  that  of  the  generator  element  and  the  main  circuit  closed. 
The  same  precautions  must  be  observed  in  completing  the  circuit 
as  in  the  preceding  tests.  The  regulation  is  taken  exactly  as  before. 
In  shutting  down,  the  main  circuits  of  the  two  machines  should  be 
broken  before  that  of  the  driving  motor,  the  load  being  brought 
down  as  before.  It  should  be  noticed  that  the  current  measured  by 
the  main  ammeter  is  again  the  external  current. 

(to  be  continued.) 


Correction — On  page  298  of  the  June  issue  the  statements  there  should 
be  changed  to  read  as  follows: 

"Above  ten  amperes  per  square  inch,  current  density,  the  drop  is  1.25 
volts  plus  .025  volt  for  every  ampere  per  square  inch  above  10. 


Density 

Drop 

AMPERES    PER    SQUARE    INCH 

VOLTS 

5 

0.625 

10 

1.250 

15 

1.375 

20 

1.500 

25 

1.625 

30 

1.750 

35 

1.875 

40 

2.000 
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tems  from  the  note  book  of  the  apprentice 

Copper  Dampers  in  Alternating-Current  jMachines — 
Alternating-current  generators  and  rotary  converters  are  usually 
provided  with  copper  dampers  on  the  field  poles.  The  dampers 
assist  in  the  parallel  operation  of  generators  and  in  the  steady  opera- 
tion of  rotary  converters.  In  generators  having  partially  closed 
armature  slots  the  damper  is  made  in  the  form  of  a  plate ;  in  re- 
volving armature  machines  the  plate  covers  the  face  of  the  pole ; 
in  revolving  field  machines  the  damper  bridges  the  space  between 
two  poles,  also  serving,  in  this  case,  as  a  wedge  to  hold  the  field 
coils  in  place.  In  open  slot  generators  and  rotary  converters  the 
dampers  are  of  the  so-called  grid  type,  surrounding  the  pole  and 
extending  across  it,  imbedded  in  slots  in  the  face  of  the  pole.  This 
divided  form  of  damper  is  better  adapted  to  open  slot  machines 
on  account  of  the  characteristic  "jumping"  of  the  field  flux  from 
armature  tooth  to  armature  tooth.  This  action  would  set  up  eddy 
currents  in  the  copper  plate  which  would  increase  the  losses  of  the 
machine  and  which  might  easily  be  sufificient  to  warp  the  plate  so 
severely  as  to  loosen  it  from  the  pole.  The  copper  dampei  was 
illustrated  in  the  June  issue  of  the  Journal. 

Power-Factor  Meter  Connections — The  usual  way  to  con- 
nect a  power-factor  meter  to  a  three-phase  circuit  is  shown  in  the 
diagram,  P'ig,  i. 

A,  B  and  C  are  the  three  phases  of  the  three-phase  circuit. 
Only  two  series  transformers,  A  and  C,  are  necessary.  The  shunt- 
transformer  may  or  may  not  be  necessary  according  to  the  poten- 
tial between  A  and  B. 

Leads  c,  d  and  e  are  connected  to  what  is  virtually  a  two-phase 
induction  motor  in  the  interior  of  the  power-factor  meter.  It  is 
this  motor  that,  partially  counterbalanced  by  the  shunt  C(m1  in  the 
interior  of  the  meter,  gives  torque  to  the  dial  pointer.  There  is  no 
electrical  connection  between  the  shunt  coil  and  the  motor,  so  that 
while  current  flows  readily  from  c  to  d  and  from  d  to  c,  no  current 
can  flow  from  either  c,  d  or  c  to  either  a  or  b.  Finally,  it  is  im- 
portant to  note  that  the  current  in  d  is  the  vectorial  sum  of  those 
in  phases  A.  and  C. 
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By  placing  an  ammeter  in  (/  and  by  arrang-ing  two  additional 
slnmt  circuits  on  each  side  in  such  a  way  as  to  be  able  to  short-cir- 
cuit the  ammeter  at  will,  the  current  in  each  of  the  three  phases 
may  be  measured  by  the  ammeter  with  the  aid  of  four  ammeter 
plugs. 


FIG.    I — USUAL   CONNECTIONS    OF    POWER-FACTOR    METER    IN    THREE-PHASE 

CIRCUITS 

Thus  in  the  diagram,  Fig.  2,  by  plugging  in  i  and  2  the  cur- 
rent from  phase  C  is  shunted  away  from  the  ammeter — although 
still  allowed  to  pass  to  d  and  thence  to  the  power-factor  meter — and 
the  current  from  phase  A  passes  through  plug  2  and  may  be  read 


(c) 


FIG.   2 — CONNECTIONS   OF   POWER-FACTOR   METER   IN   COMBINATION    WITH 

AMMETER 

in  the  ammeter  on  its  way  to  the  power-factor  meter.  Therefore, 
by  this  arrangement  we  obtain  the  current  in  i)hase  .  /  and  also  the 
power-factor  of  the  combined  circuit. 

By  plugging  in  2  and  3  the  currents  from  l)i)lh  phase  A  and 
phase  C  pass  through  the  ammeter — which  registers  their  vectorial 
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sum  wliioh  is  c(iu;il  to  that  in  phase  B — and  from  thence  into  the 
power-factor  meter.  Thus  by  this  arrangement  we  obtain  the  vahie 
of  the  current  in  phase  B  and  also  the  power-factor. 

By  phigging-  in  3  and  4  the  current  in  phase  A  is  shunted  away 
from  the  ammeter — although  still  allowed  to  pass  to  the  power- 
factor  meter — and  the  current  from  phase  C  passing  through  3  is 
measured  in  the  ammeter  without  disturbing  the  power-factor  meter 
reading. 

Finally  the  ammeter  may  be  disconnected  entirely  by  plugging 
in  I  and  4  only.  This  is  a  safe  and  convenient  way  to  leave  the 
plugs  when  not  in  use.  Care  should  be  taken  not  to  pull  both  i 
and  3  or  both  2  and  4  out  at  the  same  time,  as  by  so  doing  the 
secondary  transformer  a  or  that  of  transformer  c  will  be  open-cir- 
cuited, in  which  case  the  primary  current  will  saturate  the  core,  in- 
ducing a  dangerous  secondary  voltage. 
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MAINTENANCE  OF  ELECTRIC  RAILWAY  EQUIPMENT 

By  J.    E.    WEBSTER 

THE    continual    adaptation    of    railway    apparatus    to    heavier 
and  faster  service  brings  to  the  operating  man  new  prob- 
lems  in  maintenance  which   can   not   be   wholly   solved  b\' 
the  experience  of  past  }ears.     Indeed,  new  types  of  equipment  con- 
struction   require   often   the   introduction   of   entirely   new   methods 
and  new^  tools  for  their  proper  care  and  repair. 

It  is  to  be  remarked  in  passing  that  the  study  of  the  problems 
incident  to  the  maintenance  of  a  service  is  nmch   facilitated  bv   a 


REPAIR     PIT 

View    taken    In    the    Fiankslown    avenue   car    barns    of    the 
h'ltt^liurK  Railways  rnnii  any. 
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complete  record  of  the  work  done  by  men  and  eciuipment ;  as,  if  a 
trolley  wheel  costs  two  dollars  it  is  worth  perhaps  five  cents  to  as- 
certain the  number  of  miles  it  will  run.  The  desirability  of  such 
data,  even  after  the  wearing  qualities  of  a  wheel  under  good  usage 
are  established,  is  also  most  useful  in  checking  the  efificiency  of  the 
care-taker.  And  if  a  close  record  of  the  performance  of  trolley 
wheels  is  of  value,  it  is  equally  true  that  such  data  should  be  kept  of 
tlic  ])earings,  car  wheels,  brake  wheels,  brake  shoes,  armature  coils 
and  other  apparatus  requiring  more  or  less  frequent  renewal. 

Two  reliable  systems  of  maintenance  are  in  extensive  use.  They 
differ  mainly  in  determining  wlien  the  equipment  shall  be  taken  out 
of  service  for  general  repairs.  In  the  mileage  system,  which  is  gen- 
erally used  by  large  railway  companies,  the  car  is  taken  out  of  ser- 
vice as  often  as  it  has  run  a  definite  mileage,  about  12,000  miles  for 
interurban  service,  and  somewhat  less  for  city  service.  ^Motors  and 
auxiliary  equipment  are  then  dismantled  and  subjected  to  a  thorough 
examination.  In  the  inspection  system,  the  cars  undergo  a  daily  or 
trip  inspection  of  a  thorough  character,  and  are  sent  to  the  shop  for 
general  repairs  only  when  the  wear  of  wheels,  bearings,  commutator 
or  other  vital  parts  require  it.  The  respective  merits  of  the  systems 
will  not  l)e  here  discussed,  and  we  therefore  proceed  to  various  items 
of  inspection,  and  first  of  motor  equipment. 

Motor  Equipment.  In  the  general  overhauling  of  a  motor, 
the  armature  should  be  removed  and  the  Ijunds  carefully  examined 
for  loose  wires  which,  if  found,  must  be  replaced.  In  the  process  of 
rebanding,  the  clips  should  be  placed  about  three  inches  apart,  well 
filled  with  solder,  using  a  resinous  flux  because  acid  is  very  in- 
jurious to  insulation.    The  clips  should  be  entirely  free  from  burs. 

The  armature  should  be  thoroughly  cleaned  by  an  air  blast  if 
the  motor  has  a  ventilated  winding  and  the  end  of  the  commutator 
and  the  brush-holder  anr.  should  be  thoroughly  cleaned  of  any  ac- 
cumulation of  oil  and  carbon  dust.  It  is  usual  to  varnish  these  parts 
after  the  process  of  cleaning  is  completed.  If  the  commutator  is  at 
all  worn  it  is  best  to  give  it  a  thin  cut  in  the  lathe,  and  before  re- 
placing the  armature  in  the  motor  it  should  be  thoroughly  painted 
with  an  air-drying  varnish  or  insulating  paint. 

If  the  brush-holders  show  wear  or  burning  on  the  wearing  sur- 
faces, they  should  be  thoroughly  cleaned  and  polished,  shunts  should 
be  properly  fitted  to  the  brushes  and  contact  springs  adjusted.  The 
field  coils  should  be  cleaned,  and  if  at  all  injured  should  be  removed 
and  rc'imirod.     Tb-'  l.;\ds  especially  need  close  attention,  manv  a  car 
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having"  been  brought  to  the  loarn  owing-  to  grounded  leads.  Worn 
leads  may  sometimes  be  reinforced  by  the  use  of  canvas  or  rubber 
hose. 


^''^^n^^k  1 


MOTOR   WITH   di:fi:ctivk  joi-rnals 

A  fair  representation  of  many  car  motor.s  where  the  poor 
lubrication  has  led  to  the  melting  of  the  babliitt  metal  and  allowed 
the  armature  to  rub  on  the  lower  poles.  These  are  shown  in  the 
upiier  portion   of  the   cut,    having  a   polished   appearance. 

If  the  daily  inspection  and  care  of  the  controllers  is  efficient 
they  should  require  but  little  special  attention  at  the  general  over- 
hauling of  the  equipment.  lUit  the  tension  and  lift  of  contact  lingers 
should  be  examined,  worn  rings  shoLild  be  iniiiu'(liatel\   replaced  and 
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all  insulation  should  be  cleaned  and  \arnished,  burned  parts  being; 
removed. 

Bearings.  The  care  of  bearings  is  largely  a  matter  of  main- 
taining constant  lubrication,  which  until  very  recently  has  been 
almost  always  accomplished  through  the  use  of  grease.  With  grease 
lubrication  there  are  two  important  points  to  watch;  first,  the  kind 
of  grease  used,  and  second,  the  method  of  application.  If  the  grease 
is  too  heavy  for  the  prevailing  temperature,  a  "hot-box'*  will  develop 
before  the  grease  begins  to  flow,  and  it  is  necessary  to  keep  the  bear- 
ing hot  in  order  to  keep  the  grease  flowing.  If  the  grease  is  too 
light,  it  is  apt  to  run  through  the  bearing  and  leave  it  dry.  The 
specific  requirements  dififer  so  much  with  motor  construction  and 
various  classes  of  service  that  it  is  impractical  to  specify  any  one 
thing  which  is  best  for  all  cases.  Of  course,  two  cars  running  un- 
der the  same  conditions  may  use  different  lubricants,  and  then  the 
results  can  be  closely  judged;  or,  if  information  is  at  hand  concern- 
ing the  use  of  lubricants  on  roads  where  equipments  and  service  are 
similar,  one  may  select  a  lubricant  for  trial. 

As  to  the  second  point,  the  method  of  application,  many  men 
who  for  some  time  have  been  greasing  cars  will  try  to  force  chunks 
of  grease  twice  as  large  as  the  cup  into  the  opening,  scrape  up  all 
that  has  been  smeared  over  the  gear  case  and  the  end  of  the  motor 
and  put  that  in  on  top,  too,  without  cleaning  the  cap  or  adjacent 
surfaces  from  the  ever-present  layer  of  grease,  brake  dust  and  mis- 
cellaneous grit  that  is  to  be  found  in  all  railway  motors  after 
service. 

Grease  in  a  bearing  melts  away  from  the  bottom  of  the  grease 
cup,  leaving  an  opening  for  quite  a  distance  above  the  bearing, 
requiring  the  grease  to  be  forced  down  in  the  box  at  frequent  inter- 
vals. At  best,  with  grease  lubrication,  the  flow  of  lubricant  is  irreg- 
ular, and  therefore  many  special  appliances  have  been  arranged 
for  using  oil  in  bearings  designed  for  the  use  of  grease.  Some  of 
these  use  a  sheet  metal  cup  that  will  fit  in  the  grease  box  with  a  tube 
opening  from  the  l)ottom  and  passing  through  the  center  of  the  cup 
to  the  top.  A  woolen  yarn  wick  is  passed  through  the  tube,  having 
one  end  in  contact  with  the  shaft,  while  the  other  (long)  end  is 
coiled  in  the  oil  cup.  The  amount  of  oil  which  Hows  is  regulated  by 
the  number  of  strands  in  the  wick.  \'ery  good  results  have  been 
reported  from  the  use  of  this  method,  although  the  cup  feeds  con- 
tinually while  the  car  is  standing  over  night,  thus  wasting  needless 
oil  and  often  leaving  an  empty  cup  for  the  morning  start. 


MAINTEXAXCE   OF  RAILWAY   EQUIPMENT       379 

III  other  cases  a  piece  of  piano  felt  is  fitted  against  the  shaft  in 
the  openins:  of  the  bearing-  at  the  l)ottoni  of  the  grease  cup  and  ex- 
tends some  distance  into  the  cup.  The  cup  is  then  filled  with  oil- 
saturated  waste,  which  is  prepared  as  described  in  a  later  paragraph. 

Where  oil  is  applied  by  means  of  felt  wicks  to  armature  or  axle 
bearings,  the  grade  of  felt  must  be  very  carefully  selected.  The  best 
is  known  as  piano  felt.  The  portions  of  the  felt  which  come  in 
contact  with  the  shaft  must  be  frequently  inspected,  as  there  is  a 
tendency  for  the  felt  to  become  hard  and  glazed  which  tends  to  stop 
the  feeding  of  oil.  This  is  particularly  true  if  the  oil  is  allowed  to 
become  dirty,  the  felt  acting  as  a  filter  and  holding  the  dirt,  etc. 

Another  method  in  successful  use  is  to  plug  the  bottom  of  the 
grease  cup  and  then  drill  a  hole  through  the  plug  2-1000  of  an  inch 
larger  than  a  No.  4  wire.  A  piece  of  No.  4  copper  wire  is  then 
placed  in  the  hole  with  one  end  resting  on  the  shaft  and  the  other 
end  extending  into  the  cup.  The  cup  is  then  filled  with  oil.  The 
jar  of  the  motor  in  service  allows  sufficient  flow  of  oil  around  the 
wire  to  give  good  lubrication,  yet  the  fit  is  so  close  that  practically 
no  oil  flows  while  the  car  is  at  rest. 

Lubrication  by  Means  of  Oil  and  Waste.  The  use  of  oil 
and  waste  in  lubricating  railway  motor  bearings  has  proven  ex- 
tremely successful  and  at  the  present  time  is  regarded  as  the  best 
practice. 

This  method  of  lubrication  can,  however,  be  abused  by  the  use 
of  improper  materials  or  by  lack  of  attention.  The  following  points 
should  be  observed  in  caring  for  bearings  operated  in  this  way : 

Waste — A  high  grade  of  zvool  waste  viust  be  used.  It  must  be 
elastic  in  order  at  all  times  to  maintain  some  pressure  against  the 
shaft,  even  though  the  lubricant  is  applied  from  below  as  in  motor 
axle  bearings.  The  elasticity  is  sometimes  increased  by  the  addition 
of  a  small  percentage  of  Japanese  or  India  fibre.  Cotton  waste  and 
poor  grades  of  wool  waste  become  soggy  and  dead  and  fall  away 
from  the  shaft. 

Oil — In  general,  it  is  good  practice  to  use  a  good  car  journal 
oil  of  a  grade  slightly  lighter  than  is  used  on  the  car  journals  at  the 
same  season  of  the  year.  The  lighter  oil  is  used  owing  to  the  higher 
speed  of  the  armature  shaft  relative  to  that  of  the  car  axle,  and  also 
owing  to  the  fact  that  the  waste  docs  not  come  in  contact  with  the 
full  length  of  the  shaft  or  axle  in  the  bearing,  thus  requiring  an  oil 
that  will  flow  more  freely  than  that  re(|uirc'd  in  the  car  journals. 
The  oil  must  not  be  too  li<jht,  however,  lest  the  tilm  of  oil  between 
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the  shaft  and  the  beariiii^-  become  so  thin  that  the  wear  of  the  bear- 
ing would  be  excessive.  The  flow  of  an  oil  is  affected  to  a  consider- 
able extent  by  the  temperature  at  which  it  is  used.  A  lighter  grade 
of  oil  should  therefore  be  used  in  winter  than  in  summer. 


WORN-OUT    JOUR.\AL 

A  detail  view  of  the  common  type  of  grease  lubricated  bearings 
showing  the  feed  wire,  also  the  burned  babbitt,  which  in  this  case 
wjfS   due    to    Insufficient    feed    of   lubricant. 


Application  of  the  Oil — The  waste  must  be  thoroughly  satur- 
ated with  oil,  as  it  will  not  feed  by  capilliary  attraction  until  every 
particle  of  its  fibre  is  thoroughly  soaked.  Before  the  waste  is  packed 
in  the  bearings,  the  free  oil  should  be  allowed  to  drain  off,  otherwise 
the  excess  oil  will  be  forced  into  the  drip  pockets  and  accumulate 
on  the  equipment  and  on  the  shop  floor,  and  some  will  also  probably 
find  its  way  into  the  motor  and  prove  injurious  to  the  insiflation. 
To  prepare  the  waste  for  use  therefore  it  should  be  immersed  in  oil 
at  least  48  hours  to  obtain  the  required  saturation,  and  should  then 
be  allowed  to  drip  for  10  or  12  hours  before  using. 

Packing  Bca)'i)igs — In  packing  tlie  bearings  care  should  be 
taken  not  to  pack  the  waste  in  either  too  tightly,  which  would  force 
all  of  the  surplus  oil  out.  or  too  loosely,  which  would  not  maintain 
a  proper  contact  against  the  shaft  or  axle.     The  waste   should  be 
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formed  in  loose  balls  of  such  a  size  that  they  can  be  placed  in  or  re- 
moved from  the  bearing  without  the  use  of  undue  force. 

Xo  free  oil  should  be  added  when  packing.  In  some  cases  it 
may  be  wise  to  add  free  oil  in  small  quantities  at  intervals  during 
service  as  the  waste  becomes  dry.  P)Ut  in  general  this  is  unsatisfac- 
tory. The  best  method  is  to  change  the  packing  at  regular  inter- 
vals, re-immersing  the  old  packing,  if  clean  and  in  good  condition, 
in  oil  for  future  use.  Changing  the  packing  guards  against  the 
possibility  of  the  waste,  which  is  in  direct  contact  with  the  shaft  or 
axle,  from  becoming  hard  or  glazed  and  hence  interfering  with  the 
feed  of  oil.  The  frequency  of  this  change  can  best  be  determined  by 
careful  observation  of  the  condition  of  packing  and  bearings  in  any 
gi^'en  service. 

Whenever  it  is  necessary  to  open  the  lid  of  the  bearing  housing 
for  inspection  or  repacking,  great  care  should  be  taken  to  clean  all 
surfaces  adjacent  to  the  lid  so  as  to  prevent  dirt  or  grit  of  any  kind 
becoming  mixed  with  the  waste. 


A    NEW    DEVICE    FOR    USING    OIL   ON    CAR    JOURNALS 

A  modification  of  the  siphon-wIck  type.  The  lower  end  of  the 
tube  contains  a  valve  preventing  feeding  when  car  Is  not  in 
motion. 

As  the  proper  facilities  for  handling  waste  for  this  method  of 
lubrication  are  a  great  help  in  getting  results,  the  following  sugges- 
tions are  made : 

For  stations  where  but  little  waste  is  used  good  results  can  be 
obtained  by  the  use  of  two  galvanized  iron  cans  20  inches  in  height 
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by  24  inches  or  more  in  diameter,  witli  one  inch  cock  at  the  bottom, 
placed  on  a  bench  and  arranged  so  that  when  the  cock  is  open  oil 
may  drip  in  a  trough  leading  to  a  third  can  or  barrel.  Each  can 
should  be  provided  with  a  cover  and  a  removable  wire  screen  of  No. 
12  wire  netting,  ^-inch  mesh,  which  is  placed  three  inches  from  the 
bottom  of  the  can.  In  order  to  give  a  proper  saturation  and  drain- 
age, the  height  should  not  exceed  20  inches  as  given  above.  If  a 
large  amount  of  packing  is  used,  the  number  of  cans  can  be  in- 
creased accordingly  and,  if  desired,  suitable  piping  may  be  arranged 
with  a  pump  for  refilling  the  cans  from  the  drain  tank. 

The  cans  are  filled  with  waste,  which  is  then  flooded  with  oil 
and  permitted  to  saturate  for  48  hours.  The  cock  is  then  opened 
and  the  surface  oil  allowed  to  drain  off.  The  tanks  should  be  kept 
in  a  room  having  a  temperature  of  about  70  degrees  Fahrenheit. 

Journal  Boxes. — Waste  prepared  as  above  should  be  used  on 
the  journal  boxes,  very  little  free  oil  being  added. 

Re-Babbitting  Bearings.  Whenever  the  bearings  become 
worn  so  that  the  armature  is  dangerously  near  the  field  poles,  they 
must  be  re-babbitted.  The  kind  of  bearing  metal  to  be  used  is  a 
subject  that  is  much  disputed.  For  heavy  motors  a  strong,  hard 
metal  of  the  grade  of  genuine  babbitt  metal  must  be  used.  For 
smaller  motors  softer  metals  are  sometimes  used  with  good  result?. 
Care  should  be  taken  while  casting  the  bearings  not  to  overheat  the 
metal,  as  the  quality  of  the  metal  is  very  easily  affected  by  high  tem- 
peratures. Some  of  its  ingredients  are  readily  oxidized  and  almost 
entirely  disappear  if  the  hot  metal  is  exposed  to  the  air  for  a  great 
length  of  time.  By  keeping  a  record  of  the  life  of  bearings  it  can 
soon  be  determined  how  many  times  the  metal  may  be  cast  and  still 
retain  its  life.  To  ascertain  this  result  new  metal  should  not  be 
mixed  with  old.  All  bearings  cast  with  new  metal  should  be  sten- 
ciled No.  I  ;  when  these  are  worn,  the  metal  remaining  should  be 
recast  and  the  bearings  stenciled  No.  2.  Continuing  this  as  long  as 
the  metal  is  used,  the  life  of  the  bearings  of  the  different  numbers 
being  kept,  it  will  soon  be  evident  when  the  metal  is  useless. 

The  mandrils  on  which  bearings  are  cast  should  be  as  accurate 
as  possible  so  that  but  little  metal  need  be  turned  off  in  fitting  the 
shell  for  the  shaft,  as  the  cast  surface  is  slightly  chilled  and  gives 
better  life  than  a  turned  surface.  Alany  companies  do  not  bore  their 
bearings  at  all,  casting  them  to  the  exact  size.  This  requires  skilled 
work  and  is  not  easy  to  accomplish  with  small  concerns,  although  na 
doubt  it  is  the  best  method. 
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Wheels — For  city  work  and  for  interurban  work,  where  motors 
do  not  exceed  6o-horse  power,  cast  iron  wheels  with  chilled  treads 
and  flanges  are  used.  Cast  wheels  are  sometimes  used  on  cars 
equipped  with  75-horse  power  motors,  although  steel  tired  wheels 
seemed  to  be  used  in  increasing  numbers  where  speeds  are  high. 
Where  the  motors  are  of  lOO-horse  power  and  above,  steel  tired 
wheels  are  in  almost  universal  use.  Solid  pressed  steel  wheels  are 
now  used  on  a  few  roads  using  motors  of  less  than  75-horse  power 
where  speeds  are  at  all  high. 
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SEiii. 

CAST    IRON    CAR    WHEEL 
The    large    "flat"    was    caused    by    sliding    the    car    in    from    the 
place    of    accident.      This     "flat"    extends    below    the    "chill"     so    that 
grinding:  will  not  save   the   wheel. 

In  general,  cast  iron  wheels  can  be  used  where  serious  results 
arc  not  liable  to  follow  a  derailment  at  maximum  speed.  Where 
cast  iron  wheels  are  used,  the  inspection  of  the  condition  of  the  flange 
must  be  frequent  and  efficient.  Sharp  or  chipped  flanges  are  dan- 
gerous, and  flat  wheels  extremely  obnoxious.  Flat  wheels  are  caused 
by  skidding  the  wheels  at  the  stopping,  and  the  condition  is  aggra- 
vated when  sand  is  used.  On  roarls  where  the  weight  per  wheel 
is  heavy  and  there  are  a  large  number  of  grades  on  which  stops 
are  made,  a  large  number  of  flat  wheels  must  be  expected.  On 
other  roads  where  conditions  are  more  favorable  they  rarely  occur 
before  the  full  depth  of  the  chill  is  worn  off  the  tread.  Where  flat 
wheels  are  common,  grinders  can  be  employed  on  wheels  that  are 
not  too  badlv  worn.     The  advisabilitv  of  grinding  a  wheel  may  be 
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well  judged  by  measuring  its  circumference  at  the  tread.  If  this  is 
about  2  inches  less  than  when  new,  the  wheel  is  not  worth  grinding. 
Steel  tired  wheels  rarely  become  flat,  but  when  they  occur  will  usual- 
ly grind  themselves  out  on  the  brake  shoes.  The  greatest  trouble 
with  steel  tires  is  the  wearing  of  the  fianges.  This  makes  it  neces- 
sary to  re-turn  the  wheels  several  limes  during  their  life,  it  being 
most  economical  to  turn  them  before  they  are  badlv  worn,  as  when 
wear  is  once  started  on  the  flanges  it  increases  very  rapidly  and  if 
the  wear  is  great  it  is  necessary  to  turn  very  deep  on  the  tread  in 
order  to  fomi  a  new  tlange.  Great  care  must  be  exercised  in  obtain- 
ing exactly  the  same  circumference  of  the  two  wheels  of  any  pair  to 
prevent  their  crowding  one  rail  or  the  other,  with  a  consequent 
destruction  of  flanges  and  an  increase  of  train  resistance.  Where 
cast  iron  wheels  are  used  there  should  be  less  than  j/^-inch  dilTerence 
in  circumference  when  paired.  Some  roads  have  special  brake  shoes 
made  of  a  cutting  substance,  as  carborundum  or  emery,  which  they 
■fit  on  the  brake  shoe  of  the  "flat"  wheel. 

The  gauge  of  wheels  must  also  be  very  closely  watched.  The 
best  method  is  to  use  a  gauge  that  comes  in  contact  with  the  wheel 
at  two  points,  one  on  the  tread  and  one  about  I/4  inch  up  on  the 
tread  side  of  the  flange.  This  insures  a  correct  gauge  independent 
of  the  form  of  the  flange  which,  especiall}-  with  old  wheels,  is  apt 
to  vary  considerably. 

In  reference  to  the  form  of  flanges  to  be  used,  the  best  results 
will  be  obtained  by  using  the  manufacturer's  standard  for  the  given 
class  of  service.  For  interurban  service  where  cars  run  over  city 
tracks,  in  no  case  should  the  flanges  be  deeper  than  those  used  on 
the  city  cars,  otherwise  all  the  wear  on  special  work,  crossings  and 
grooved  rails  will  be  done  by  the  interurban  wheels.  It  is  better  to 
have  a  ^-inch  flange  in  good  condition  than  an  I'/s-inch  flange  that 
has  been  chipped. 

CoNXERTKR  SUBSTATIONS.  Succcssful  substation  operation 
means  careful  attention  to  details.  Every  part  of  the  apparatus 
should  be  looked  after  with  the  greatest  care  so  that  at  a  moment's 
notice  the  overload  capacity  of  every  machine  can  be  thrown  on  the 
line.  This  requires  a  good  smooth  commutator  with  brushes  well 
fitted,  brush  tension  properly  adjusted,  all  contacts  well  cleaned  and 
breakers  properly  set.  A  circuit  breaker  is  made  to  protect  the  ma- 
chines and  not  to  stop  traffic,  which  lattei-  would  seem  to  be  their 
function  from  the  way  they  are  operated  on  some  roads.  They 
should  in  no  case  be  set  to  operate  at  a  load  less  than  the  rotary 
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converters  or  the  car  motors  will  commutate.  There  is  a  case  on 
record  where  a  chief  engineer  lost  his  position  for  the  simple  reason 
that  the  breakers  were  set  below  the  capacity  of  the  generators  and 
below  the  current  required  by  the  load,  with  a  consequent  frequent 
interruption  of  service. 


CAST    IRON    CAR    WHEELS    ON    THEIR    WAV    TO    THE    SCRAP    HEAP 

The   one    on    the  left    was    in    continual    service    only    six   months 

while    its    companion  ran    about    a    year.        Such    results    may    arise 

from     poor     castings,  or     from     improper    fitting     of     wheels     to    track 
gauge. 

It  is  good  policy  to  change  the  oil  in  the  converter  bearings  once 
in  two  months,  at  least.  The  old  oil  can  be  filtered  and  used  on 
pumps,  etc..  in  the  power  house.  The  ends  of  the  armature  should 
be  wiped  ofif  carefully  every  day  to  prevent  oil  from  working  its 
way  onto  the  commutator  where  it  is  very  injurious  to  the  mica. 

The  question  of  synchronizing  and  compounding  rotaries  will 
be  taken  care  of  by  the  construction  engineers  and  their  instructions 
should  be  carefully  followed.  In  no  case  should  the  field  adjustment 
be  left  to  chance.  The  power  factr)r  and  the  regulation  l)()th  dej^end 
almost  entirely  on  the  field  adjustment  and  both  have  a  large  in- 
fluence on  the  efficiency  of  the  power  system.  This  is  explained  in 
a  paper  by  Mr.  P.  ?\1.  Lincciln  in  the  March.  1904.  issue  of  Tm: 
Electric  Club  Journal. 

Commutators  a.\i>  r.KusiiKS.  (  )n  any  railway  system  the 
proper  care  of  commutators  on  generators,  rotaries.  converters  and 
motors  is  necessary  to  good  results. 
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Commutator  lubricants  should  be  used  sparingly,  as  they  not 
only  increase  the  resistance  of  the  brush  contact,  but  if  allowed  to 
accumulate  are  injurious  to  the  mica.  After  sanding  a  commutator, 
it  is  well  to  apply  a  little  compound  Oi'  oil,  all  except  a  very  thin  film 
being  immediately  removed  by  passing  a  piece  of  cheese  cloth  over 
the  commutator. 

Brushes  should  be  ground  in  ])lacc  to  a  perfect  fit  to  tlie  com- 
mutator and  the  contact  surface  examined  frequently  to  remove  any 
foreign  substance,  such  as  copper  dust,  wdiich  is  apt  to  become  im- 
bedded in  the  surface  of  the  carbon  and  cause  sparking. 

If  the  commutator  becomes  irregular  to  any  perceptible  extent, 
a  thin  cut  should  be  turned  off,  as  the  wear  is  rapid  at  low^  bars  and 
can  only  be  stopped  by  turning  all  other  parts  of  the  commutator 
down  to  the  low  bars.  Pieces  of  grindstone  fitted  to  the  commuta- 
tor can  be  used  to  good  advantage  to  keep  a  commutator  true.  On 
new  machines  it  is  well  to  tighten  the  commutator  before  turning. 


COMMERCIAL  TESTING  OF  STEAM  TURBINES 

By  A.   G.  CHRISTY 

I  ASSUME  at  the  outset  that  tlie  mechanical  construction  and 
thie  practical  operation  of  steam  turbines  which  have  been 
so  ofen  described  in  the  technical  press  have  been  quite  gen- 
erally read  and  so  shall  not  discuss  these  subjects  in  this  paper. 
However,  I  believe  that  the  following  description  of  a  steam  turbine 
testing  plant  and  its  methods  of  testing  will  be  of  interest  to  engi- 
neers and  instructive  to  all  students  of  engineering. 

The  turbine  department  is  shown  in  Fig.  i  and  Fig.  2.  The 
turbine  parts,  after  being  machined,  are  brought  from  the  main 
shop  by  a  system  of  industrial  railway's,  the  cylinders  and  spindles 
are  bladed  and  the  whole  engine  assembled.     A  space  of  about  200 
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feet  in  the  central  part  of  the  department  has  been  built  and  equipped 
especially  for  testing.  The  visitor  is  at  once  impressed  with  the 
completeness  and  permanence  of  all  the  construction  work  and 
equipment,  and  the  practical  and  scientific  manner  in  which  tests 
are  conducted.  In  fact,  tests  are  made  daily  with  as  nuich  care  and 
accuracy  as  in  the  best  equipped  college  laboratory. 
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A  plan  of  tlie  testing  department  is  shown  in  Fig.  3.  There  are 
two  separate  and  in-dependent  testing  floors,  A  and  B,  each  with  its 
own  system  of  piping,  circulating  pnmp,  condenser,  hot- well  pump, 
weighing  tanks,  and  air  pump. 

The  larger  of  these  test  floors,  A,  Fig.  3,  has  four  stone  founda- 
tions 50  feet  long  and  5^  feet  wide,  capped  with  cast  iron  sur- 
face plates.  The  pit  between  these  is  6/2  feet  wide  and  8^/^  feet 
deep.  A  tunnel  7  feet  wide  and  as  deep  as  the  pit  runs  along  one  end 
and  serves  for  a  passage  way.  Through  it  are  carried  the  live  steam 
pipes.  This  testing  floor  is  for  engines  of  750  kw  and  larger.  The 
engine  bed-plate,  which  is  of  the  box  pattern,  bridges  one  of  these 


FIG.    2 SEVERAL   4OOKW   ENGINES   ASSEMBLED   IN    BLADING   SECTION 

pits.  Fig.  4  shows  a  1250  kw  turbine  on  the  test  floor.  The  vari- 
ous exhaust  pipes  connect  with  a  header,  which  passes  along  the  ends 
of  the  pits  and  enters  the  bottom  of  the  condenser  by  a  T-pipe.  The 
hot-well  of  the  condenser  is  attached  to  the  low  arm  of  the  T-pipe. 
This  arrangement  allows  steam,  already  condensed  in  the  exhaust 
line,  to  pass  into  the  hot-well  without  having  to  enter  the  condenser. 
The  exhaust  line  is  provided  with  an  atmospheric  exhaust  relief 
valve,  and  also  with  suitable  means  for  completely  shutting  off  any 
branch  leading  up  the  pits.  Thus  anv  one  engine  can  be  operated 
and  tested  with  all  of  the  other  engines  on  the  floor  shut  off  from 
the  main  exhaust  line. 
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A  surface  condenser 
of  3,000-horse  power 
serves  test  floor  A.  An 
illustration  of  it  and  its 
air  pump  is  shown  in 
Fig.  5.  The  two  air 
cylinders  of  the  pump 
are  18  inches  in  diame- 
ter and  are  fitted  with 
mechanically  o  p  e  r  ated 
slide  valves.  The  steam 
cylinder  is  8  inches  by 
24  inches,  fitted  with 
Corliss  valve  gear.  The 
circulating  water  is  sup- 
plied by  a  direct  con- 
nected 16-inch  centrifu- 
gal pump,  an  illustration 
of  which  is  shown  in 
Fig.  6. 

l"he  condensed  steam 
drains  from  the  con- 
denser into  the  hot  well 
from  which  it  is  pumped 
into  the  weighing  tanks. 
By  means  of  a  three-way 
cock,  it  can  be  made  to 
discharge  into  either  one 
of  these  as  required.  The 
weighing  tanks,  each  of 
500  gal.  capacity,  are 
mounted  on  scales  on  a 
suitable  platform  as 
shown  in  Fig.  7. 

Exciting  current  for 
the  fields  of  alternating- 
current  generators  on 
I  he  test  floors  is  sup- 
plied by  a  120  kw  tur- 
t)ine  outfit  on  tlie  shop 
floor.  An  illustration  of 
this  is  shown  in   Fig  5. 


890 


THE  ELECTRIC  CLUB  JOURNAL 


Steam  conies  from  the  boiler  house  through  a  12-inch  pipe  to 
the  separator,  which  removes  any  condensation.  Following  the  sepa- 
rator is  a  system  of  valves  by  which  the  steam  can  be  passed  through 
the  superheater  or  sent  direct  to  the  te^t  floors.  The  superheater  is 
similar  in  construction  to  a  Babcock  and  Wilcox  water-tube  boiler. 
It  is  independently  fired  with  natural  gas.     Successful  tests  have 


FIG.    4 A    I3S0KW    TURBINE    ON    THE   TESTING    FLOOR 

been  run  when  the  temperature  at  the  superheater  outlet  was  650  de- 
grees Fahrenheit,  which  at  150  pounds  boiler  pressure  means  a 
superheat  of  nearly  300  degrees  Fahrenheit. 

In  the  boiler  house  are  four  batteries  of  Babcock  and  Wilcox 
water-tube  boilers  of  500  horse  power  each,  which  with  the  vertical 
boilers  located  over  the  forge-shop  heating  furnaces  gives  a  total 
boiler  capacity  of  3,000-horse  power.  The  safety  valves  are  set  at 
160  pounds,  which,  of  course,  imposes  this  limit  upon  the  steam 
pressure  for  testing  purposes. 

The  other  test  floor  B,  Fig.  3,  is  in  general  arrangement  a 
duplicate  of  the  one  already  described,  but  for  engines  of  smaller 
size  than  750  kw.  It  has  five  foundations  25  feet  long  and  5^^  feet 
wide,  of  similar  construction  to  those  already  described.  As  on  the 
other  floor,  all  engines  except  the  one  to  be  tested  can  be  blanked 
off  from  the  main  exhaust  header.  As  the  present  type  of  400  kw. 
steam  turbine  has  a  very  narrow  bed-plate  and  exhausts  from  one 
side,  it  is  placed  on  the  foundation  instead  of  bridging  the  pit.  and 
is  connected  to  the  exhaust  line  by  an  elbow. 

Steam  for  this  test  floor  is  brought  from  the  valves  at  the  super- 
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heater,  through  a  6-inch  pipe  to  the  farther  end  of  the  floor.  This 
pipe  is  carried  along-  the  wall  and  is  heavily  lagged  throughout 
its  length  of  about  220  feet.  At  the  test  floor  it  turns  down  under 
the  floor  and  passes  along  a  tunnel  at  the  end  of  the  foundations 
from  which  connections  are  made  for  each  individual  engine.  A 
separator,  placed  on  the  main  line,  just  as  it  passes  below  th.e  floor, 
removes  all  condensation. 

The  condenser  for  this  floor  is  of  the  surface  type  and  has  a 
capacity  of  i.ooo-horse  power.  The  air  pump  for  this  condenser  is 
piped  up  in  a  similar  way  to  the  one  on  the  other  floor  with  a 
separator  on  the  air  line.  Either  pump  has  sufficient  capacity  to 
maintain  a  28-inch  vacuum  on  both  condensers,  with  an  engine 
running  on  the  floor. 

The  circulating  water  is  pumped  from  the  reservoir  and  dis- 
charged into  the  creek  outside.  The  condensed  water  is  pumped 
from  the  hot-well  into  a  smaller  set  of  weighing  tanks  similar  to 
those  previously  described.  After  weighing,  all  the  sets  of  tanks 
discharge  into  the  reservoir. 

In  addition  to  the  two  main  testing  floors,  there  is  a  complete 
outfit  for  experimental  testing.  This  is  provided  with  its  own 
condenser,  air  and  circulating  pumps  and  weighing  tanks. 


FIO.    5 LARGE   CONDENSER,   AIR    PUMP   AND   EXCITER   TURBINE 

It  may  be  interesting  to  note  that  with  any  one  of  these  con- 
densing outfits  tests  can  be,  and  have  been,  made  with  the  engine 
running  non-condensing  and  without  back  pressure,  and  yet  con- 
densing all  the  steam  used  and  weighing  it.  A  simple  arrangement 
allows  the  air  to  escape  from  the  condenser  witliout  allowing  steam 
to  pass  out. 
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A  system  of  supply  and  return  oil  pipes  connect  the  large  oil 
tank  and  filter  with  both  test  floors,  so  that  oil  can  be  pumped  into 
an  engine  from  the  supply  tank  or  from  the  engine  into  the  filter. 

Whenever  possible,  brake  tests  are  made  on  the  steam  turbines, 
thereby  avoiding  the  trouble  and  expense  of  an  electrical  test.  A 
water  brake,  which  after  numerous  experiments  with  various  types 
has  proved  the  best,  is  used  for  these  tests.  The  water  brake  has 
been  especially  developed  for  turbine  testing  work  and  has  given 
highly  gratifying  results,  not  only  from  the  standpoint  of  constancy 
and  accuracy  of  loading,  but  from  ease  of  manipulation  and  free- 
dom from  the  necessity  of  attention. 

These  brakes  are  very  powerful.  One  small  brake  used  for 
testing"  400  kw  engines,  running  at  3,600  r.  p.  m.,  has  carried 
J.200  brake  horse  power,  and  others  have  been  used  up  to  2,500- 
horse  power.  The  load  can  be  changed  almost  instantly  bv  simplv 
regulating  the  water  supply  by  a  small  hand  valve.  The  oiling 
of  the  brake  bearings  is  done  by  the  turbine  oil  pump,  and  hence 

is  automatic  after 
the  engine  is  up  to 
speed. 

To  show  the 
speed  of  the  tur- 
bine at  any  instant, 
a  tachometer  of 
standard  centrifu- 
gal type  for  high 
speeds  is  belted  to 
tlie  turbine  or  gen- 
erator shaft  at 
.^ome  suitable 
point.  A  Veeder 
tachometer,  using 
alcohol,  is  also  in- 
cluded in  the  test- 
11  o  o  r  equipment 
and  gives  even 
more  accurate 
readings  than  the 
centrifugal  tacho- 
meter. When  an 
engine  is  carrying  a  given  load  for  a  certain  interval  of  time  and 
the  speed — constant  so  long  as  the  load  is  constant — is  to  be  accur- 


FIG.    6 CIRCULATING    PUMP 
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atcly  taken  during;  that  interval,  a  continuous  counter  is  attached  to 
son.e  part  of  the  eovernor  case  so  as  to  register  the  number  of 
strokes  the  oil  pump  makes.  The  oil  pump  being"  directly  driven 
by  a  worm  and  worm-wheel,  and  eccentric  from  the  turbine  spindle, 
the  speed  of  the  turbine  spindle  can  be  readily  calculated. 

For  tests  not  using  superheat,  a  throttling  calorimeter  is  used 
to  determine  the  quality  of  the  steam.  These  are  carefully  lagged, 
and  can  have  their  exhaust  so  regulated  as  to  give  in  all  tests  a 
constant  absolute  back  pressure  of  ]8  pounds  in  the  calorimeter  as 
shown  by  an  attached  mercury  column.       These  calorimeters  give 


FIG.    7 WEIGHING    CONDENSED    STEAM    FROM    THE    TURBINE    TEST 

very  accurate  results,  being  checked  1)\-  a  thermometer  placed  in  the 
steam  line  beside  the  calorimeter  which  indicates  the  temperature  of 
the  steam  the  moment  it  arrives  at  the  throttle. 

On  account  of  the  distance  from  the  boilers,  the  superheater  is 
used  when  dry  saturated  steam  tests  are  to  be  made,  enough  heat 
being  supplied  to  give  dry  steam  at  the  calorimeter.  Each  indi- 
vidual test  floor  is  supplied  with  a  calorimeter  ])ermanently  attached 
to  the  steam  supply  line. 

When  tests  with  superheat  are  made,  a  thermometer  placed  in 
a  mercury  cup  fitted  in  tlie  toj)  of  the  steam  strainer  gives  the  tem- 
perature of  the  steam  as  it  arrives  at  the  throttle. 
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I'sually  only  two  sizes  of  gauges  are  used,  i.  e.,  those  reading 
to  160  pounds  and  compound  gauges  reading  to  30  pounds  pressure 
and  30  inches  vacuum. 

The  vacuum  is  measured  by  a  mercury  column  with  carefully 
graduated  and  plainly  marked  scale.  This  is  mounted  in  a  suitable 
case  and  on  a  firm  stand.     It  can  thus  be  moved  around  the  shop 


FIG.   8— A  400K\V   TURBO-GENERATOR    SET 

\\ithout  fear  of  breakage,  and  can  be  connected  to  any  exhaust  by 
^-inch  pipes  provided  for  this  purpose. 

The  vacuum  can  be  regulated  to  almost  any  desired  degree. 
The  exhaust  lines  have  been  so  well  connected  up  that  a  vacuum 
of  29^  inches  has  been  carried  at  the  exhaust  of  an  engine  with  a 
barometer  of  only  29^  inches.  Lower  vacuums  are  obtained  by 
reducing  the  supply  of  circulating  water  for  the  condenser  until  the 
mercury  stands  about  ^A  inch  above  the  required  height.  It  is 
then  regulated  by  allowing  air  to  leak  through  an  adjustable  open- 
ing into  the  exhaust  line.  On  the  small  condenser  it  is  not  neces- 
sary to  adjust  the  circulating  water  supply,  as  the  adjustable  air 
leak  alone  can  control  the  vacuum. 

A  barometer  kept  in  the  foreman's  office  has  a  verv  carefully 
made  scale  and,  by  a  Vernier  attachment,  will  give  readings  to  i-ioo 
of  an  inch. 

When  electrical  tests  are  made,  it  is  essential,  with  alternating 
current,  that  the  load  shall  be  non-inductive.  To  provide  such  a 
load,  a  water  rheostat  is  used,  consisting  of  three  wooden  tanks  about 
10  feet  long  by  3  feet  wide  and  3  feet  deep,  of  about  1,500  gallons 
capacity,  placed  in  a  small  addition  to  the  main  shop.  These  are 
filled  with  water  and  have  iron  electrode  plates  inserted,  the  num- 
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ber  of  plates  required  to  be  used  in  a  given  test  being  determined  by 
the  current  to  be  carried.  The  terminals  of  the  generators  are  con- 
nected to  these  plates  by  cables.  After  the  water  becomes  thorough- 
ly heated  to  constant  temperature  by  passing  current  through  it,  any 
load  can  be  regulated  by  the  spacing  of  the  plates.  Sometimes  with 
low  voltages  and  heavy  currents  salt  has  to  be  added  to  the  tanks  to 
reduce  the  resistance  in  order  to  secure  the  load  desired. 

Before  any  tests  are  made,  all  apparatus  is  carefully  calibrated. 
The  steam  gauges  are  tested  by  a  Crosby  Gauge  Tester.  Gauges 
are  generally  calibrated  both  before  and  after  the  test  in  order  that 
errors  due  to  overheating  or  other  causes  during  the  tests  may  be 
accounted  for.  Thermometers  are  usually  calibrated  in  their  respec- 
tive mercury  cups  on  the  engine  after  the  engine  is  started,  but 
before  the  test  is  begun,  so  as  to  have  a  current  of  steam  about  them. 
A  steam  gauge  which  has  been  already  calibrated  is  attached  beside 
the  thermometer  cup.  A  series  of  simultaneous  readings  of  gauge 
and  thermometer  is  made.  The  readings  of  the  gauge  are  corrected 
to  standard.  The  barometer  is  noted,  and  from  a  set  of  steam  tables 
the  theoretical  temperature  is  found.  From  these  readings  an  aver- 
age correction  is  found  for  the  thermometer  readings. 


FIG.    9 A    ISOOKW    TURBO-GENERATOR    SET    ON    THE    TESTING    FLOOR 

Suppose  now  the  steam  turbine  to  be  tested  is  already  assem- 
bled on  the  test  floor,  all  adjustments  made  and  the  generator  or 
water  brake  connected  up.  A  preliminary  run  is  made  to  see  that 
all  parts  are  free  and  in  running  order.  During  this  run  the  ther- 
mometers are  calibrated.  Then  the  load  is  put  on  for  the  governor 
test.    With  a  water  brake  the  load  can  be  obtained  in  a  few  seconds. 
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but  with  a  generator  much  time  is  taken  in  heating  tanks,  adjusting 
plates,  etc.  In  fact,  generator  tests  are  now  rarely  made.  Full  load 
is  put  on  and  minute  readings  for  five  minutes  are  taken  on  the  con- 
tinuous counter.  Also,  minute  readings  of  load  are  made.  The  con- 
ditions for  the  five  mimites,  i.  e.,  the  steam  pressure  at  the  throttle 
and  at  the  high  pressure  inlet,  and  the  vacuum  are  noted.  Between 
full  load  and  no  load  a  number  of  loads  are  taken  that  will  give  suf- 
ficient points  for  a  good  curve  and  these  readings  are  all  taken  for 
each  load.  Then  from  the  readings  of  the  continuous  counter  the 
speed  is  calculated  and  a  load-speed  curve  drawn.  From  this  curve 
the  total  governor  variation  is  found  as  well  as  the  governor  regu- 
lation over  different  loads.  This  curve  is  very  useful  after  the 
engines  are  installed,  especially  if  they  are  to  run  parallel  with 
other  engines. 

The  next  step  in  large  engines  is  to  set  the  small  centrifugal 
governor  that  controls  the  automatic  throttle.  This  is  usually  set 
so  that  with  a  lo  percent  increase  in  speed  it  will  shut  the  engine 
down. 

When  an  automatic  secondary  valve  is  provided,  load  is  added 
and  the  valve  set  to  open  at  the  required  pressure. 

The  steam  turbine  is  now  ready  for  economy  tests.  The  pur- 
chaser wishes  to  have  tests  of  liis  engines  made  with  conditions  as 
near  as  possible  to  those  it  will  operate  under,  i.  e.,  same  boiler 
l)ressure,  superheat,  if  any,  and  vacuum.  This  particular  turbine 
testing  plant,  by  the  flexible  arrangement  of  its  apparatus,  can  sup- 
ply all  these  conditions  except  boiler  pressure  where  this  exceeds  i6o 
pounds,  the  limit  of  the  boilers  in  use.  Each  engine  then  is  tested 
tmder  a  given  set  of  conditions  as  specified  in  the  contract  of  sale. 
The  vacuum  is  usually  stated  as  so  many  inches  of  mercury  referred 
to  a  30-inch  barometer.  As  the  barometer  at  Pittsburg  is  never  up 
to  30  inches,  the  vacuum  as  shown  bv  the  mercury  column  attached 
to  the  exhaust  must  be  corrected  to  the  observed  barometer. 

Tests  are  usually  one  hour  runs.  On  the  brake,  readings  are 
taken  every  minute.  The  condensed  steam  weights  are  taken  either 
every  five  or  ten  minutes  according  to  quantity.  All  other  readings 
are  recorded  at  the  start  of  the  hour  and  every  five  minutes  there- 
after. What  is  known  as  "high-pressure-inlct  pressure,"  is  the  aver- 
age pressure  of  the  steam,  as  shown  by  a  gauge,  after  it  has  passed 
through  the  poppet  valve  and  before  it  enters  the  blades.  This 
pressure  varies  with  the  load.  The  speed  is  either  held  at  the  rated 
speed  for  all  tests,  or  the  governor  set  to  give  the  rated  speed  at 
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PRESSURE  AND  TEMPERATURE  READINGS 


Time 


11:25   A.  M 

11:30  

11:35 

11:40  

11:45 

11:50  

11:55 

12:00     M 

12:05     •"■     "^ 

I2:IO  

12:15  

12:20  

12:25  

Average 

Calibrations 

Corrected  readin 


Throttle 

Pressure 


148 

148 

154 
152 
149 
145 
154 
154 
147 
150 

155 
149 

153 


H.  P.  Inlet 
Pressure 


115 

117 
120 
120 
120 
120 
120 
120 
120 
120 
"5 
"5 
"5 


Vacuum  by 
Mercury 
Column 


27.6'  ' 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 

27.6 


Temper- 
ature of 
Throttle 


494 
496 
498 
498 
498 
498 
499 
499 
500 
501 
502 
501 
500 


Continuous 
Counter 


641235 

642075 
6429 16 
643760 
644605 

645445 
646285 
647131 
647974 
648813 
649655 
650:00 
651342 


1958 


1537 


6484 


Difference 
10107 


150.6 

+0.0 


118. 2 
+  1.0 


27.6 


498.8 
+6.0 


168.45 


150  6 


119. 2 


27.6 


504.8 


3537-5  r.  p.  m. 


Superheat  at  throttle  138.9^^ 


Barometer  29.6  in. 


Brake  No.    3  : 


BRAKE  READINGS 

Brake   Radius,   20^\  Inches;     Dead  Weight,   32  Lbs.;     Nominal  Load 
During  Test,   585   hp. 


Time 


Gross 

Scale 
Weight 


585 
581 

575 
582 

585 
586 

585 
584 
582 

585 
584 
581 
583 


Time 


Gross 

Scale 

Weight 


7578 


580 
580 
578 
581 
572 
583 
588 

594 
585 
587 
587 
588 

59° 
7593 


Time 


11:51 

1 1:52 

11:53 
11:54 
11:55 
11:56 
11:57 
11:58 
11:59 


Gross 

Scale 

Weight 


590 
588 

587 
592 

585 
595 
591 

574 
586 

582 
579 


Time 
p.  M. 


Gross 

Scale 

Weight 


12:02 
12:03 
12:04 
12:05 
12:06 
12:07 
12:08 
12:09 
12:10 
12:11 
12:12 
12:13 
12:14 


6449 


578 
576 
586 
595 
593 
598 
600 
597 
595 
590 

585 
586 

7664 


Time 


12:15 
12:16 
12:17 
12:18 
12:19 
12:20 
12:21 

12:22 

12:23 
12:24 

12:25 


Gross 
Scale 

Weight 

575 
575 
577 
586 
590 
590 
588 

585 
581 

585 
585 


6417 


Total 
Gross  Scale 

Weight 


3S70I 


Horse  power,  624.15. 

Average  gross  weight, 585-2  '°*- 

Dead  weight,         — S^o  lbs. 

Net  weight, 553.2  lbs. 
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some  given  load  and  tlic  speed  allowed  to  vary  for  other  loads,  as 
shown  by  the  governor  curve. 

For  condensed  water,  a  gauge  glass  has  been  placed  on  the 
hot-well  so  as  to  indicate  the  height  of  the  water  inside.  The  dead 
weight  of  one  of  the  weighing  tanks  is  taken  before  the  test  starts. 
On  the  second  for  starting  the  test,  the  three-way  cock  is  thrown  to 
allow  the  water  to  run  into  the  set  tank  only,  and  at  the  same  time 
an  indicator  is  set  at  the  level  of  the  water  in  the  gauge  glass  in  the 
hot-well.  The  dead  weight  of  the  other  tank  is  taken  and  at  the  end 
of  five  minutes  the  water  is  turned  into  it.  The  total  weight  of  the 
first  is  then  found,  and  by  subtracting  the  dead  weight  the  net  con- 
denser discharge  for  five  minutes  is  found.  At  the  end  of  the  hour 
the  height  of  water  above  or  below  the  indicator  on  the  hot-well 
gauge  glass  is  noted  and  a  correction  for  the  weight  of  the  water 
that  has  been  pumped  out,  or  should  be  pumped  out,  is  made  to  the 
net  weight  of  condenser  discharge  for  the  hour.  After  an  engine 
has  been  tested,  the  main  exhaust  line  is  completely  blanked  ofif  from 
all  engines ;  water  is  circulated  through  the  condenser  and  a  vacuum 
carried  by  the  air  pump  equal  to  that  called  for  in  the  test.  Any 
leakage  in  the  condenser  tubes  collects  in  the  hot-well  and  is 
pumped  over  and  weighed.  This  is  known  as  "condenser  leakage," 
and  as  a  correction  it  must  be  subtracted  from  the  net  condenser 
discharge. 

The  leakage  through  the  water  glands  into  the  vacuum  ends  of 
the  cylinder  is  measured  by  a  special  set  of  weighing  tanks,  and 
also  deducted  from  the  net  condenser  discharge. 

After  all  corrections  have  been  made  to  the  net  condenser 
discharge,  the  remainder  will  be  the  actual  weight  of  condensed 
steam  required  by  the  engine  to  carry  the  given  load  for  one  hour 
under  the  given  conditions. 

On  400  kw  turbines  usually  only  three  tests  are  made,  one  a 
little  over  full  load,  another  at  three-quarter  load  and  a  third  at 
slightly  less  than  one-half  load.  On  the  larger  engines  four  is  the 
usual  number  of  tests ;  one  at  50  percent  overload,  a  second  at  full 
load,  a  third  between  one-half  and  three-quarter  load  and  a  fourth 
at  one-quarter  load. 

After  the  tests  have  been  made,  the  readings  are  corrected  and 
worked  up.  The  first  step  is  to  write  up,  in  suitable  blanks,  copies 
of  all  calibrations  and  from  these  the  corrections  for  each  instru- 
ment or  thermometer  are  found.  The  readings  of  pressure  and  tem- 
perature are  averaged  and  corrected  from  the  calibrations.     For  the 
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GLAND   LEAKAGE 


WEIGHTS  OF  CONDENSED  STEAM 


Time 

Weight  of 
Tank,  Lbs.     | 

Leakage  of 
Glands 

I  1 :25   A.   M. 

11:40 

465 
230 

} 

235 

1 1 :40 
11:55 

486 

243 

} 

243 

11:55 

I  2: 10  P.   M. 

470 
230 

} 

240 

I2:l0 
12:25 

455 
220 

}| 

235 

Total  leakage,  953. 

Gland  leakage  per  hour,  953. 


Time 

Dead 

Gross 

Net 

Weight 

Weight 

Weight 

A.   M. 

1 1:25 

11:35    - 

1 109 

2502 

139"? 

11:45 

1128 

2524 

1396 

"  =  55 

mo 

2514 

1404 

p.    M.        j 

12:05      , 

1 1  29 

2546 

1417 

12:15 

mo 

2518 

1408 

12:25      1 

1 1 29 

2525 

1396 

Water  level  in  hot  well  2j^  inches  below 
point  at  commencement  of  test. 

Diameter  of  hot  well  24  inches. 

Net  lbs.  steam  condensed  per  hour,  7368. 

Total  condenser  discharge  per  hour,      8414  lbs. 
Hot  well  correction,       ....      — 41  lbs. 


Gland  leakage, — 953  lbs. 

Condenser  leakage, — 52  lbs. 


7368  lbs. 


SUPERHEATER  READINGS 


SUMMARY  OF  TEST 


„  .,             Temp,  at 
„.                 Boiler        _         jf    ^ 
Time         r,                  Superheater 
Pressure       Q^^^^^^y 

Superheat  at 
Superheater 
Outlet,oF. 

A.    M. 

11:25                  151                        604 

11:30                 1^0                       602 

11:35                  '^°                        ^°° 

1 1 :40            I  57                 600 

11:45             '54                 ^°° 
11:50            147-5             602 
11:55             156                 599 
12:00            158                 600 

p.    M. 

12:05           '52-5            604 
12:10           151               608 

12:15           1 59               601 
12:20           153-5            599 
12:25           155               597 

2004.5         7816 

I        154.*           601.2 
1        +0              — 6 

:    154.2       595.2 

227.5 

Time 
From  11:25  A.  M.  to  12:25  p.  M. 


Throttle  Pressure  Lbs.  Gauge  per 
Sq.  ]n 

High  Pressure  Inlet  Pressure  Lbs. 
Gauge  per  Sq    In 

Vacuum  m  L.  P.  Outlet  by  Mer- 
cury Column 

Vacuum  referred  to  30^'  Barometer 

Barometer 

Temperature  at  Superheater  Out- 
letoF 

Superheat  at  Superheater,  "F 

Temperature  at  Throttle, °F  

Superheat  at   Throttle,  °F 

Oualitv  sliown   by  Calorimeter 

Speed  shown  bv  Continuous  Counter 

Load  in  Brake  Horse   Power 

Load  in    Kilowatts 

Load  in  Electrical  Horse  Power 

Total   Net  Lbs.  Steam  Condensed.. 

Lbs.  Steam   per  B.  H.  P.  Hour... 

Lbs.  Steam  per  E.  H.  P.  Hour 
(calculated  from  gen.  eff. ) 

Lbs.  Steam  per  I.  H.  P.  Hour 
( calculated) 


150. 

119. 

27. 
28. 
29. 

595- 
227. 
504. 
138. 

3537- 
624 


7368. 


.80 
.82 
.03 
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corrected  boiler  pressure  and  the  corrected  temperature  at  the  super- 
heater outlet  we  can  find,  with  a  set  of  steam  tables,  the  superheat 
at  the  superheater  outlet,  l^'rom  the  throttle  pressure  and  tempera- 
ture we  can  find  the  superheat  at  the  throttle,  if  any.  From  the 
calorimeter  the  quality  of  steam  can  be  ascertained.  It  is  customary 
only  to  obtain  the  superheat  and  quality  from  the  averages  for  the 
hour,  thoug-h  sometimes  on  special  tests  these  are  figured  for  every 
five  minutes.  The  average  speed  of  the  engine  can  be  found  from 
the  reading  of  the  continuous  counter  or  the  counted  strokes. 

If  a  generator  has  been  used,  the  electrical  readings  are  aver- 
aged and  corrected  for  calibrations  and  the  load  calculated.  Simi- 
larly brake  readings  are  averaged,  the  dead  weight  subtracted  and 
the  load  calculated.  The  total  steam  consumption  is  found  directly 
from  the  condensed  steam. 

Then  from  the  results  of  a  set  of  tests  a  steam  consumption 
curve  is  drawn  whose  co-ordinates  are  load  and  total  pounds  of  con- 
densed steam  per  hour,  and  from  this  another  curve  whose  co- 
ordinates are  load  and  pounds  of  steam  per  horse-power  per  hour. 
Such  a  set  of  curves  has  been  printed  in  the  March  issue  of  The 
Electric  Club  Journal,  page  91. 

It  may  be  interesting  to  note  some  results  from  an  original  set 
of  readings  for  one  of  the  official  tests  of  a  400  kw  steam  turbine 
now  installed  at  the  works  of  the  Sherwin-\\'illiams  Companv,  at 
Cleveland,  Ohio.  These  are  given  in  the  accompanying  tables.  The 
results  show  the  remarkably  low  steam  consumption  of  even  this 
small  size  of  steam  turbine.  To  compare  with  reciprocating  engines, 
it  is  necessary  to  transfer  this  rate  into  pounds  for  indicated  horse 
power.  Assuming,  as  is  the  usual  practice,  that  the  mechanical 
efficiency  of  the  water-brake  and  steam  turbine  combined  is  the 
eighty-five  percent,  the  steam  consumption  becomes  10.03  pounds  per 
indicated  horse-power  per  hour.  This  is  more  than  a  favorable 
comparison  with  any  reciprocating  engine  yet  built. 

The  testing  equipment,  which  is  described  in  this  article,  is 
that  of  the  Westinghouse  Machine  Company,  of  Pittsburg,  Pa. 
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THREE-PHASE  TRANSFORMATION 

By  J.  S.  PECK 

O  transform  from  one  three-phase  circuit  to  a  second  three- 
phase  circuit  either  of  several  arrangements  of  transformers 
may  be  employed  as  follows : 
(I.)      Three  single-phase  transformers  connected  in  delta  or  in 


(2.)      Two  single-phase  transformers  connected  in  F  or  in  T. 

(3.)  One  three-phase  transformer  with  windings  connected  in 
delta  or  in  star. 

As  the  transformers  required  in  either  of  the  foregoing  ar- 
rangements may  be  placed  in  one  frame  or  case  with  three  primary 
and  three  secondary  terminals,  the  unit  may  be  termed  a  three-phase 
transformer  in  a  general  sense.  In  so  far  as  their  practical  use  is 
concerned,  the  three  arrangements  are  essentially  the  same. 

If,  however,  the  magnetic  and  electrical  characteristics  of  the 
transformers  be  taken  into  account  there  are  marked  differences 
between  the  several  methods.  For  three-phase  transformation  it  is 
essential  that  there  shall  be  magnetic  fluxes  of  two  or  three  different 
phases.  When  three  single-phase  transformers  are  used  the  mag- 
netic fluxes  in  the  several  transformers  differ  in  phase  by  120  de- 
grees respectively.  When  two  single-phase  transformers  are  used 
the  magnetic  fluxes  in  them  differ  by  ]20  degrees  or  by  90  degrees 
according  to  the  method  of  connection.  In  the  true  three-phase 
transformer  there  are  three  magnetic  fluxes  differing  in  phase,  but 
these  fluxes  are  not  limited  to  separate  and  independent  cores  as  in 
the  foregoing  arrangements.  In  the  three-phase  transformer  cer- 
tain portions  of  the  iron  core  carry  the  fluxes  of  two  or  of  all  three 
of  the  magnetic  circuits.  As  the  resultant  of  two  or  three  magnetic 
fluxes  which  are  out  of  phase  with  one  another  is  less  than  their 
arithmetical  sum,  it  follows  that  there  is  a  certain  economy  in 
material  in  so  arranging  the  magnetic  circuits  that  certain  parts  of 
the  iron  carry  the  magnetic  fluxes  of  more  than  one  of  the  magnetic 
circuits.  There  are  also  in  certain  cases  other  economics  in  build- 
ing a  single  three-phase  transformer  instead  of  using  two  or  three 
smaller  transformers  for  the  same  aggregate  output. 
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Ill  construction  the  tliree- 
phase  transformer  follows 
one  of  the  two  general  forms 
in  common  use  for  a  single- 
phase  transformer  and  may 
be  either  of  the  core  or 
shell  type.  The  general  ap- 
pearance of  the  most  common 
forms  of  three-phase  trans- 
formers of  these  two  types 
is  shown  in  Figs,  i  and  2. 

CORE   TYPE 

Consider  first  the  core  type  of  the  form  shown  in  Fig.  i.  It 
will  be  seen  that  there  are  three  cores  of  equal  cross-section  joined 
by  a  common  top  and  bottom  yoke  of  the  same  section  as  each  core, 
and  that  upon  each  core  are  placed  the  primary  and  secondary  wind- 
ings for  one  phase.  The  coils  on  the  three  cores  are  connected  so 
that  the  fluxes  in  the  cores  are  120  degrees  apart,  making  their 
algebraic  sum  zero  at  any  instant.  The  relation  of  the  fluxes  is 
shown  in  Fig.  3,  which  indicates  that  there  is  120  degrees  differ- 
ence between  tlie  time  that  the   flux  in  A   is  a.  maximum   in  one 
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direction,  until  that  in  B  or  in  ("  becomes  a  maximum  in  the  same 
direction,  and  it  will  be  seen  that  when  the  flux  in  A  is  a  maxi- 
mum in  one  direction,  it  is  balanced  by  fluxes  in  B  and  C  in  the 
opposite  direction.  As  in  a  thrcc-phaso  transmission  system  three 
wires  are  sufficient  for  carrying  the  three-phase  currents,  so  in  a 
three-phase  transformer  three  cores  are  sufficient  for  carrying  the 
three-phase  fluxes. 

In  a  three-phase  transmission  system,  it  is  customary  to  arrange 
the  three  wires  in  the  form  of  an  equilateral  triangle,  for  with  this 
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arrangement  the  mutual  induction  between  any  two  circuits  is  the 
same,  but  for  the  sake  of  simpHcity,  the  three  wires  are  often  placed 
in  the  same  line ;  similarly,  in  a  three-phase  transformer,  when  the 
mutual  magnetic  relations  between  the  three  phases  are  to  be  identi- 
cal, the  three  cores  are  arranged  in  triangular  form.  But  it  is  found 
that  by  properly  proportioning  the  transformer,  the  three  cores  may 
be  placed  in  the  same  line  with  but  an  insignificant  departure  from 
symmetrical  relations,  and  as  this  arrangement  gives  a  better  and 
cheaper  mechanical  construction,  it  is  the  one  usually  adopted. 

\Y\th.  the  core  transformer 
shown  in  Fig.  i,  it  is  evident 
that  a  short-circuit  in  any 
phase  will  render  the  whole 
transformer  inoperative  for 
transforming  three-p  base 
currents,     as     the     resultant  ^^^''   ^ 

flux  from  the  two  operating  phases  will  be  driven  through  the 
short-circuited  coils,  and  cause  an  excessive  current  to  flow  in  the 
windings.  The  transformer  may,  however,  when  one  phase  is  short- 
circuited,  be  operated  single-phase,  by  connecting  the  two  undam- 
aged phases  as  would  be  done  if  the  short-circuited  coil  were 
removed.  With  one  phase  open-circuited,  the  two  remaining  phases 
may  be  reconnected  in  V  or  in  T  for  transforming  from  three-phase 
to  three-phase ;  or  the  windings  may  be  connected  in  series  or  parallel 
for  single-phase  transformation. 

On  small  transformers  the  cost  per  kilowatt  decreases  rapidly, 
and  the  efficiency  increases  rapidly,  with  increase  in  size. 

The  reduced  first  cost  and  the  improved  efficiency  of  a  three- 
phase  core-type  transformer  of  the  form  shown  in  Fig.  i  over  three 
single-phase  transformers,  or  over  two  single-phase  transformers, 
may  be  illustrated  as  follows — where  it  is  desired  to  transform  three 
kilowatts  from  three-phase  to  three-phase. 

In  Fig.  4  a  two-kilowatt  single-phase  transformer  is  shown  with 
each  leg  wound  for  one  kilowatt.  If  to  this  be  added  a  third  leg, 
shown  by  dotted  lines  also  wovmd  for  one  kilowatt,  there  will  result 
a  three-phase  three-kilowatt  transformer,  which  has  been  obtained 
with  an  increase  of  material  of  almost  exactly  50  percent  over  that 
required  for  one  two-kilowatt  single-phase  transformer  and  which 
has  an  efficiency  approximately  equal  to  that  of  the  two  kilowatt 
single-phase  transformers. 
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The  cost  of  transformers  for  making  the  above  transformation 
may  be  expressed  as  follows  : 

(i.)  By  three  transformers  connected  in  delta  or  star — three 
times  cost  of  one  i-k\v  transformer. 

(2.)  By  two  transformers  connected  in  V  or  T — two  times 
cost  of  one  ij/^-kw  transformer. 

(3.)  By  one  three-phase  transformer — one  and  one-half  times 
cost  of  one  2-kw  transformer. 

Since  a  2-kw  unit  costs  less  per  kilowatt  and  has  a  higher 
efficiency  than  the  i  or  i^-^-kw  unit,  it  is  evident  that  the  three- 
phase  unit  will  cost  less  and 
be  more  efficient  than  either  of 
the  other  combinations.  There 
is  also  a  slight  additional  gain 
in  cost  on  this  type  due  to  the 
fact  that  a  single  case  or  hous- 
ing is  required,  though  it  is  of 
course  possible  to  place  two  or 
three  single-phase  transformers 
in  the  same  case.  It  should, 
however,  be  borne  in  mind  that 
a  three-phase  transformer  will 
never  be  so  cheap  or  so  efficient 
as  a  single-phase  transformer  designed  along  the  same  lines  and 
wound  for  the  same  total  output. 

The   relative  advantages   and   disadvantages   of  the   core-type, 
three-phase  transformer  as  compared  wnth  groups  of  single-phase 
transformers  may  be  summed  up  as  follows : 
Advantages  of  Core-type  Three-phase  Transformer — 
(i.) — Reduced  cost  and  higher  efficiency. 
(2.) — Ease  in  handling  (Does  not  apply  to  large  units). 
(3.) — Reduced  floor  space. 
(4.) — Simplification  of  leads  and  connections. 
Disadvantages  of  Core-type  Three-phase  Transfoniier — 

(I.) — Loss  of  any  phase  disables  the  whole  transformer, 
whereas  with  three  single-phase  transformers  in  delta,  one  may  be 
disabled  and  the  two  remaining  ones  used  to  change  from  three- 
phase  to  three-phase. 

(2.) — Unequal  loads  may  give  unequal  voltages  on  the  three 
phases. 

(3.) — Increased  cost  of  sjiare  unit. 

(4-^ — Troulile  in  one  phase  may  damage  the  other  phases. 


FIG.  4 
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(5.) — Increased  cost  of  repairs  clue  to  the  fact  that  the  whole 
transformer  must  be  dismantled,  and  in  case  of  returning  it  to  the 
manufacturer,  the  freight  charges  are  increased  over  those  which 
would  be  incurred  with  a  single-phase  transformer. 

In  order  to  obtain  a  three-phase  core-type  transformer,  which 
will  not  be  entirely  disabled  when  one  phase  is  short-circuited  and 
in  which  the  unbalancing  in  voltage  produced  by  unequal  loads  on 
the  three  phases  will  be  eliminated,  various  modifications  of  the  con- 

struction  shown  in  Fig.  i  have  been 

proposed.     One  of  these  is  shown 

Ph^^e  1  in  Fig.  5.     It  will  be  noted  that  it 

consists  of  three  single-phase  trans- 
formers, placed  one  above  the  other 
with  the  section  of  core  between 
two  openings  equal  to  that  at  all 
other  parts  of  the  circuits.  This 
equal  section  for  the  part  common 
to  the  fluxes  of  two  phases  is  pos- 
sible on  account  of  the  fact  that 
these  fluxes  are  120  degrees  apart, 
with  a  resultant  equal  in  amount  to 
one  of  them. 

Comparing  this  transformer  with 
three  single-phase  transformers,  it 
will  be  noticed  that  the  only  gain 
is  that  due  to  a  slight  saving  in  the 
amount  of  material  required  for  the 
iron  core,  possible  on  account  of 
the  reduced  section  in  that  part  of  the  magnetic  circuit  common  to 
two  phases.  But  this  saving  is  insigniflcant  in  comparison  with  the 
total  cost  of  the  transformer;  and  to  f^fl'set  this  gain  there  is  a  loss 
due  to  its  more  difticult  mechanical  c(.nstruction,  as  well  as  to  the 
extra  provisions  which  must  be  made  for  the  cooling  of  the  three 
transformers  placed  one  above  the  other. 


SHELL    'JVI'F-: 

For  units  of  small  size,  the  core  ty])e  of  construction  is  well 
adapted ;  but  for  larger  units,  the  shell  type  of  construction  pos- 
sesses many  advantages  both  electrical  and  mechanical.  It  is  for 
this  reason  used  for  three-phase  transformers  of  large  size. 

The  most  common  form  is  that  shown  in   l*"ig.  2,  which  con- 
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sists  essentially  of  three  single-phase  transformers  placed  side  by 
side,  as  shown  in  Fig-.  6,  with  the  section  between  the  openings  of 

two  pliases  reduced  from  a  with 
the  single-phase  transformers, 
to  //  a  with  the  three-phase 
transformer.  This  reduction  in 
section  is  made  possible  by  the 
fact  that  the  windings  of  the  dif- 
ferent phases  are  so  connected 
FIG.  6  that  the  fluxes  in  that  portion  of 

the  magnetic  circuit  common  to  two  phases  are  120  degrees  apart, 
so  that  their  resultant  is  equal  to  one  of  them.  In  this  respect,  it 
will  be  noted  that  the  shell-type  transformer  is  similar  to  the  core- 
type  of  construction  shown  in  Fig.  i. 

This  reduction  in  the  amount  of  iron  required  for  the  magnetic 
circuit  amounts  in  general  to  from  ten  to  twenty  percent  of  the 
total  iron  in  the  transformer,  and  as  the  iron  is  but  one  of  a  large 
number  of  items  which  enter  into  the  cost,  the  total  saving  over 
three  single-phase  units  is  very  small.  The  actual  saving  in  iron  is, 
however,  not  so  great  as  would  at  first  glance  appear,  for  when  the 
three  cores  are  combined  into  one,  the  internal  cooling  of  the  trans- 
former becomes  more  difficult,  and  the  larger  ventilating  ducts  and 
clearances  practically  offset  the  gain  made  by  the  common  core. 
There  is,  however,  a  substantial  saving  in  cost  resulting  from  the 
use  of  one  case  instead  of  three,  but  this  disappears  if  three  single- 
phase  transformers  are  mounted  in  one  case. 

In  general,  the  objections  to  the  use  of  a  three-phase  core- 
type  transformer  enumerated  above  apply  also  to  the  shell-type 
transformer,  while  the  advantages  of  less  cost  and  higher  efficiency 
for  the  three-phase  core-type  practically  disappear  in  the  case  of  the 
three-phase  shell-type,  leaving  reduced  floor  space  and  simplicity  of 
connections  as  the  only  advantages  which  may  be  urged  in  favor  of 
this  three-phase  transformer. 

Tt  will  seem  that  with  the  three-limbed  core  transformer  there 
is  a  very  substantial  saving  in  cost  over  three  single-phase  core-type 
transformers,  but  that  with  the  core-type  transformer  shown  in 
Fig.  5  the  saving  is  extremely  small.  Similarly  with  the  three-phase 
shell-type  transformer,  the  reduction  in  cost  is  almost  insignificant. 

DUPLEX    TRAN:SF(.lR.\rER 

It  has  been  shown  above  that  the  shell-type  transformer  of  a 
certain  size  consists  essentially  of  three  single-phase  transformers, 
each  having  one-third  the  aggregate  capacity.  The  cost  of  the 
three-phase  transformer  is  therefore  practically  three  times  the  cost 
of  one  single-phase  transformer,  except  for  a  slight  reduction  due 
to  the  use  of  one  case  instead  of  three  cases.  It  is  possible,  how- 
ever, to  use  two  transformers  for  changing  from  three-phase 
to   three-phase,    each    transformer   having   a   capacity   but    slightly 
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greater  than  one-iialf  that  of  the  total  amount  of  power  to  be  trans- 
formed. The  cost  per  kilowatt  of  these  units  will  be  considerably 
less  than  that  of  the  smaller  units.  If  the  two  transformers  be 
placed  in  a  single  case,  there  will  result  a  very  substantial  saving  in 
cost  over  three  single-phase  transformers  or  over  one  three-phase 
transformer.  It  has  been  proposed  to  call  such  a  combination  a 
"Duplex  Transformer."  Its  advantage  over  the  three-phase  shell- 
type  transformer  is  that  its  cost  is  less  and  that  the  two  units  may 
be  made  detachable,  so  that  one  can  be  repaired  while  the  other  is 
in  use,  or  one  can  be  returned  to  the  manufacturer  with  less  cost 
ard  inconvenience  than  would  be  the  case  with  a  three-phase  trans- 
former. The  objection  to  the  duplex  transformer  is  that  there  is 
a  tendency  for  a  slight  difference  in  voltage  between  the  three 
phases  when  supplying  load.  By  designing  the  transformer  with 
ihis  point  in  mind,  however,  the  unbalancing  may  be  reduced  to 
an  almost  negligible  value.  It  need  not  exceed  that  found  in  two- 
phase-three-phase  combinations,  which  are  now  very  extensively 
used,  and  where  the  difference  in  the  voltages  is  seldom  even 
known  by  the  operators. 

CONCLUSIONS 

( 1 )  Where  it  is  desired  to  transform  from  three-phase  to 
three-phase  for  supplying'  small  motors,  rotary  converters,  etc.,  the 
three-phase  core-type  transformer  is  cheaper,  more  efficient,  and 
more  compact  than  a  group  of  two  or  three  single-phase  trans- 
formers. There  are,  however,  objections  to  its  use,  which  under 
certain  conditions  may  offset  the  advantage  which  it  offers. 

(2)  Any  three-phase  transformer,  which  is  made  up  of  three 
single-phase  units  joined  together  by  a  common  core,  presents  but 
little  gain  in  cost,  efficiency,  or  compactness,  over  three  separate 
single-phase  units,  while  there  are  several  distinct  objections  to  its 
use. 

(3)  For  large  three-phase  units,  the  shell-type  construction 
is  commonly  employed  and,  since  this  consists  of  three  single-phase 
units  with  a  common  core,  it  has  few  advantages  and  several  dis- 
advantages over  a  group  of  three  single-phase  transformers. 

(4)  The  few  advantages  claimed  for  the  three-phase  shell 
type  transformer,  over  a  group  of  three  single-phase  transformers, 
are:  slightly  reduced  cost,  reduced  floor  space,  and  simplification  of 
connections.  The  duplex  transformer  (two  single-phase  trans- 
formers connected  in  T  and  mounted  in  the  same  case)  is  a  cheaper 
arrangement  than  the  three-phase  transformer,  requires  slightly  less 
floor  space  and  its  connections  are  just  as  simple. 

(5)  No  three-phase  transformer,  or  group  of  single-phase 
transformers  can  be  as  cheap,  efficient,  or  compact  as  a  single-phase 
transformer  having  the  same  aggregate  outi)ut ;  thus  the  economical 
use  of  the  three-phase  transformer  is  practically  limited  to  that  of 
supplying  three-phase  motors  and  rotary  converters,  while  the  single- 
phase  transformer  can  almost  always  be  used  to  better  advantage  for 
lighting  work. 


ALBERT  SCHMID 

Director-General  of  the  Societe  Anonyme  Westinghouse,  Havre  and  Paris 
By  H.  C.   EBERT 

MR.  GKORGE  WESTINGHOUSE'S  prescience  in  choos- 
iiii^  vouno-  men  for  his  assistants  in  the  development  of 
his  great  workshops  has  rarely  been  more  clearly  ex- 
emplified than  in  the  case  of  Mr.  Albert  Schmid,  who.  while  in  the 
employ  of  the  French  Westinghouse  x-\ir  Brake  Company,  in  1885. 
was  personally  selected  by  ]\Ir.  Westinghouse  to  come  to  the  United 
States  for  work  with  his  American  brake  company. 

Mr.  Schmid  began  his  work  in  this  country  as  a  draftsman  with 
The  Westinghouse  Air  Brake  Company,  then  located  in  Allegheny. 
Pennsylvania.  Here  his  keen  mechanical  perception  and  his  clever- 
ness in  putting  ideas  upon  the  drawing  board  brought  rapid  advance- 
ment, and  when  the  Union  Switch  &  Signal  Company  began  its  line 
of  electrical  development  Mr.  Schmid  was  employed  as  chief  do- 
signer  and  engineer.  Later  on,  at  the  formation  of  the  Westing- 
house Electric  Company,  in  1886,  he  was  chosen  to  co-operate  with 
the  electrical  engineers  in  working  out  the  now  well-known  mechani- 
cal designs  of  the  Westinghouse  machines. 

]\Ir.  Schmid,  who  possessed  the  faculty  of  rapidly  absorbing 
knowledge  from  others,  as  w^ell  as  from  his  own  experiences,  quickly- 
acquired  the  necessary  electrical  knowledge  and  was  soon  ably  cjuali- 
ficd  to  direct  the  new  electric  works.  He  was  advanced  to  the  posi- 
tion of  Superintendent,  and  during  the  tremendous  growth  of  the 
business  of  the  Electric  Company,  then  located  in  the  old  Pittsburg 
works,  Mr.  Schmid's  most  distinguished  work  was  originated. 
Here,  it  will  be  remembered,  that  the  then  famously  large  lighting 
generators  for  the  Chicago  World's  Fair  and  the  original  5,000-horse' 
power  Niagara  Falls  Power  Company  machines  were  designed  and 
built  under  his  direction. 

In  this  period  of  early  development,  Mr.  Schmid  placed  his 
characteristic  stamp  on  all  the  apparatus  manufactured  by  this  com- 
pany. The  general  constructional  features  then  initiated  are  largely 
retained  at  the  present  time ;  many  of  them  have  been  universallv 
adopted. 
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Upon  the  removal  of  the  Electric  Company's  works  to  East 
i^ittsburg.  ]\lr.  Schmid  was  ap])ointed  General  Superintendent  in 
charge  of  all  designing-  and  general  engineering.  In  1897  he  made 
a  tour  of  Europe  for  the  purpose  of  studying  manufacturing  possi- 
bilities, and  as  the  outcome  of  this  investigation  the  French  West- 
inghouse  Company  was  formed  and  Mr.  Schmid  was  made  its 
Director  General.  Mr.  Schmid  was  admirably  suited  for  this  posi- 
tion, which  involved  meeting  the  special  conditions  required  for 
competition  with  the  very  diiTerent  product  turned  out  by  the 
European  manufacturers. 

]\Ir.  Schmid  has  succeeded  in  surrounding  himself  with  a  very 
capable  corps  of  assistants  of  French  and  American  training.  Keen- 
ly appreciative  of  the  almost  unlimited  possibilities  of  electrical 
development,  he  is  constantly  on  the  qui  vive  for  improvements  in 
manufacturing  economy  and  the  extension  of  the  application  of 
electrical  operation  to  the  workships  and  transportation  fields  of  his 
territory. 

Tn  addition  to  his  work  with  electrical  apparatus.  Mr.  Schmid 
took  up  a  number  of  years  ago  a  study  of  the  design  of  the  gas 
engine,  and  as  the  result  a  basis  was  laid  in  designs  and  in  patents 
for  what  has  now  become  an  important  department  of  The  West- 
inghouse  Machine  Company.  During  recent  years  he  has  continued 
his  experimental  study  of  the  gas  engine  as  applied  to  automobiles 
and  has  perfected  an  excellent  type  of  gasoline  automobile. 

The  successful  career  of  Mr.  Schmid  has  been  wrought  during 
his  young  manhood,  he  having  been  born  in  1857  ^'"^  Zurich,  where 
he  received  his  technical  education. 
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IV— TRANSFORMERS— Continued 

By  V.   KARAPETOFF 

(4)  j[p proximate  Practical  Diagram — In  practice  the  diagram 
in  Fig.  32  (see  June  issue)  is  usually  applied  to  a  transformer  under 
considerable  load,  so  that  the  magnetizing  current  0  ili  may  be 
readily  neglected  as  compared  with  the  load  current.  In  this  case, 
the  condition  i^  ih=io  n.>  is  fulfilled,  and  the  currents  fall  in  the  same 
line.     The  diagram  then  takes  the  form  shown  in  Fig.  33. 

From  a  practical  standpoint,  only  terminal  voltages  0  D-^^  and 
0  D2  are  of  importance,  but  not  the  induced  e.m.f.'s  O  B^  and  0  By 


^  Flux 


FIG.    33 
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which  cannot  be  detennincd  experimentally.  Thev  can  be  eliminated 
from  the  diaj^ram.     To  this  end.  rednce  all  the  secondary  voltages 

in  ratio  of  number  of  turns    '  so  as  to  make  0  B^^O  B^  (Fig.  33) 

and  turn  the  figure  O  D.,  Co  Bn  to  a  new  position  0  5,  Cl  D\.  Now 
we  see  that  the  total  drop  or  regulation  of  a  transformer  can  be 
represented  by  a  single  triangle  D\  F  D^.  On  this  triangle  DIF  is 
the  total  ohmic  drop  and  F  D.^  the  total  inductive  drop  in  the  trans- 
former.   We  may  now  calculate  the  lengths  DlF  and  F  D^:  . 

but,       B^  C  =  ^i  ^'i  and  B,  Cl=r^i,    '  =^2^  \     '  f 
hence,  D'^F=i,     f\-\-r^(    M    r 

Resistance  r^-f  2  (  /  can  be  called  the  equivalent  olunic  resist- 
ance of  the  transformer  reduced  to  the  primary  circuit. 

Likewise,  we  find  F  D.^=i.^^   \  x^-\-x^  i  ~)    {  where  the  expres- 

sion  .r^-l-.i-,  (  -'  )  can  be  called  the  cquh'alent  inductive  resistance. 

Having  constructed  this  triangle  D\F  D-^  in  its  proper  position, 
the  actual  drop  will  be  the  difference  between  0  D^^  and  O  D\  or 
Di  K. 

An  example  may  make  this  clearer. 

Let  us  consider  a  transformer  with  the  following  characteristics : 

PRIMARY  SECONDARY 

^"oltage  at  no  load,  1,000  volts  100  volts 

Ohmic  resistance  1.3  ohms  0.0125  ohms 

Inductive  resistance,         6.5  ohms  0.062  ohms 

To  find  regulation  of  this,  transformer  at  a  secondary  load  of  80 
amperes  at  a  power-factor  of  70  per  cent. 

Equivalent  ohmic  resistance  reduced  to  priniarv 

(I    000    \ 
ioo    J^-55  ohms. 

Equivalent  inductive  resistance  reduced  to  primary 
X,=6.5-fo.o62  (    -        j-12.7  ohms. 

Current  reduced  to  primary,  1,— -^8oX  =^  8  amperes. 

1, 000  ^ 

Total  ohmic  dro]),  /,  A',=^8X2.55=-20.4  volts. 


412 


THE  ELFCTRIC  CLUB  JOURNAL 


Tdtal  inductive  drop,  /  A''i--8X  12.7---101.6  volts. 

The  corresponding  diagram  is  shown  in  Fig.  34.  O  I)^  is  secon- 
dary vohage  reduced  to  primary  circuit=i,ooo  volts;  /  is  the  current 
and  D2  F  D^^is  the  triangle  of  drop,  where  D^  ^=20.4  volts,  and  F  Z), 
=101.6  volts.  0  D^  then  becomes  1,090  volts,  so  that  regulation  un- 
der the  given  conditions  of  load  is  9  per  cent.  Both  resistances  are 
taken  somewhat  high  so  as  to  make  the  diagram  clearer. 

For  non-inductive  load,  the  total  drop  would  be  but  2j/^  per  cent, 
as  D^  F  being  perpendicular  to  /  would  also  be  perpendicular  to 
O  Dj  and  have  but  little  effect  in  reducing  0  Dn. 

Instead  of  constructing  a  diagram,  the  drop  can  be  found  from 
Air.  Alershon's  chart  or  Mr.  Baum's  calculating  device.  The  diagram 
itself  explains  the  application  of  these  devices. 

(5)  Experimental  Determination  of  Inductive  Resistance  of  a 
Transformer — From  the  foregoing  considerations  it  is  evident  that  a 
knowledge  of  the  value  of  equivalent  inductive  resistance  of  a  trans- 
former is  necessary  for  a  judgment  of  its  regulation.  It  is  hardly  pos- 
sible to  calculate  this  resistance  from  the  dimensions  of  a  transformer 
with  the  same  precision  as  its  ohmic  resistance  can  be  calculated,  be- 
cause the  paths  of  leakage  in  iron  and  in  air  are  not  known,  and  can 
only  be  assumed.  But  this  equivalent  inductive  resistance  can  be  easily 
determined  experimentally  on  an  actual  transformer,  by  short-cir- 
cuiting one  of  the  windings  and  sending  through  the  other  full-load 
current.  It  is  very  much  the  same  test  as  was  previously  explained 
for  the  determination  of  in- 
ductive resistance  of  a 
transmission   line. 

Strictly  speaking,  in- 
ductive drop  in  a  trans- 
former can  be  determined 
from  any  load  test,  if  the 
currents  and  the  voltages 
are  measured,  as  well  as 
the  power-factors  of  the 
load  in  both  circuits,  and  if 
the  ohmic  resistances  of 
both  winding  have  been  de- 
termined already  by  the 
usual  direct-current  method. 
Referring  to  the  diagram. 
Fig.  34,  every  line  in  this 
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figure  is  then  known  except  E  D^  which  can  be  measured  from  the  dia- 
gram. But  this  method  has  two  disadvantages.  First,  it  is  not  ahvays 
possible  to  test  a  transformer  under  full-load  conditions, especially  if  it 
is  a  very  large  transformer  designed  for  very  high  voltage.  The  second 
and  more  important  objection  is  that  the  accuracy  of  such  a  measure- 
ment would  be  extremely  small,  because  lines  O  D^  and  O  D.^  are  large 
as  compared  with  the  sides  of  triangle  Dn  E  Dj.  Hence,  a  small 
error  in  0  D^  or  O  D.,  would  altogether  change  this  small  triangle. 
It  follows,  therefore,  that  it  is  a  great  advantage  to  make  these 
measurements  under  such  conditions  that  both  vectors,  O  D-  and 
0  Dn  are  as  small  as  possible,  while  the  triangle  D.,  E  D^  is  as  large 

as  possible.  Both  these  conditions  are 
fulfilled  if  we  short-circuit  the  second- 
ary of  a  transformer  and  send  about 
normal  current  through  the  primary. 
In  this  case  0  D.,  equals  o,  and  dia- 
gram. Fig.  34,  assumes  the  aspect  of 

Fig"-  T^S- 

The  ohmic  resistance  of  both  wind- 
ings must  be  measured  by  direct  cur- 
rent, and  the  base  E  D-^  can  be  measured 
graphically  or  calculated  by  the  formula 

FD=^ e\-r-\  r,+  rJ'hy\\  from 

which  the  ecjuivalent  inductive  resist- 
ance of  the  transformer  can  be  found. 

After  ohmic  and  inductive  resistances  and  the  ratio  of  a  trans- 
former are  known,  its  regulation  or  drop  can  be  determined  for  any 
load  and  any  power-factor  by  means  of  the  diagram  Fig.  34. 

(6)  Kapp's  Diagram- — Mr.  (t.  Kapp  showed  that  it  was  not 
necessary  to  construct  the  diagram.  Fig.  34,  separately,  for  every 
power  factor;  besides  it  is  not  necessary  to  construct  separate  dia- 
grams for  drop  and  for  regulation.  All  this  can  be  done  in  the 
same  figure.  Let  the  triangle  A  B  C  in  Fig.  36  represent  the  triangle 
of  voltage  drop  corresponding  to  the  triangle  D.^  E  D^  in  Fig  3/]. 
A  E  is  the  direction  of  the  current.  The  circle  A'  L  is  described  from 
C  with  a  radius  equal  to  the  ap])lie(l  ])riniary  e.m.f.  (say  1,000  volts 
as  in  our  former  example).  Then  the  lines  like  ./  A^,  .1  R.,  A  A., 
etc.,  will  represent  secondary  voltages  reduced  to  the  primary  circuit 
(say  980  volts,  960  volts,  and  .«o  on),  corresponding  to  angles  of  lag 
E  A  Ry  E  A  Ao  etc.     For  the  vector  A',  current  is  leading  by  the 
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angle  F  A  R^.  'i1iis  diagram  is  the  same  as  Ing-.  34.  To  show  this, 
connect  C  to  R.  and  draw  R.  F^  parallel  to  A  F.  Then  the  triangle 
C  R.  A  is  the  same  as  D.^  0  D^  on  Fig.  34,  and  the  angle  A  R.  F^ 
represents  angle  of  lag.    The  only  difference  is  that  in  Fig.  34  direc- 


FIG.    36 

tion  of  vector  O  D^  was  supposed  to  be  fixed,  and  position  of  the 
triangle  of  drop  was  supposed  to  correspond  to  the  variable  angle  of 
lag,  while  in  Kapp's  diagram,  position  of  the  triangle  of  drop  ABC 
is  fixed,  as  well  as  that  of  the  current  vector  A  F,  and  the  vectors  of 
•e.m.f.  are  drawn  according  to  the  value  of  the  power-factor.  This 
is  done  for  the  sake  of  convenience — not  to  plot  separately  the 
triangle  A  B  C  for  every  power-factor. 

Regulation  of  the  transformer  can  be  found  from  the  same  dia- 
gram. To  that  end  a  second  circle  M  N  must  be  drawn  with  the 
same  radius  as  circle  A'  L,  from  the  point  ^  as  a  center.  In  this  way 
w'c  assume  the  secondary  voltage  as  constant  (say  1,000  as  reduced 
to  primary).  Lines  C  Tj^  C  Tn  C  T.  etc.,  will  represent  primary 
voltages  (say  1,030  volts,  1,050  volts)  necessary  to  maintain  that 
constant  secondary  voltage,  1,000  volts,  at  different  power-factor.'' 

A  very  convenient  method  to  read  off  graphically  the   po\v^. 
factor  in  percent,  orresponding  to  a  given  angle  of  lag,  is  to  de- 
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scribe  a  circle  F  Q  of  an  arbitrary  radius,  baving  its  center  on  A  F 
and  passing  tbrough  A,  and  to  divide  its  diameter  into  lOO  parts. 
Chords  A  a^  A  a^  measured  by  this  scale  give  the  power  factor  in 
per  cent.  For  instance,  A  a^  in  Fig.  36,  corresponds  to  a  lag  of  70 
per  cent.,  A  a^  to  a.  lead  of  84  per  cent.,  and  so  on.  Thus  the  order 
of  construction  of  this  diagram  is  as  follows  : 

(i)  Determine  the  ratio  of  the  transformer  at  no  load ;  find  out 
its  ohmic  resistances  by  direct-current  method,  and  calculate  its 
equivalent  ohmic  resistance  R. 

(2)  Determine  its  equivalent  inductive  resistance  X  by  short- 
circuit  test  as  was  described  above. 

(3)  Reduce  its  secondary  current  to  primary  in  inverse  ratio 
of  voltages. 

(4)  Construct  the  triangle  A  B  C,  having  for  its  sides  /^  R  and 

(5)  Draw  the  two  circles,  K  L  and  ]\I  N,  from  the  points  C  and 
A  with  a  radius  equal  to  the  secondary  voltage  reduced  to  primary. 

(6)  Draw  the  small  circle  F  Q  of  power-factor. 

Then  the  triangles  like  A  C  Tj^  A  C  T2  will  give  all  necessary 
information  about  drop  and  regulation  at  a  given  currtnt  i^.  A  R-^  is 
the  secondary  voltage  if  the  primary  voltage  is  kept  constant.  C  T^  is 
primary  voltage  necessary  to  maintain  the  secondary  voltage  con- 
stant. A  a^  is  the  power  factor  to  which  the  triangle  C  A  T^  corre- 
sponds. For  good  transformers  the  triangle  A  B  C  is  very  small  as 
compared  to  the  dimensions  of  the  circles,  so  that  the  whole  diagram 
must  be  drawn  to  a  large  scale  to  measure,  with  due  precision,  differ- 
ences of  voltages.  In  many  cases,  it  will  be  found  more  convenient 
to  use  Mershon's  or  Baum's  charts  instead  of  constructing  a  dia- 
gram. But  the  diagram  gives  a  very  good  insight  into  the  whole 
performance  of  a  transformer  under  different  load  conditions. 

A  (7)    Diagram  of  Aiito-transformer. 

An  auto-transformer  is  a  transformer 
having  but  one  winding,  as  shown  in 
Fig.  37.  Primary  voltage  is  usually  ap- 
plied across  the  total  number  of  turns 
between  points  A  and  5,  and  the  second- 
ary circuit  is  connected  between  two 
taps  taken  from  the  same  winding  as 
between  B  and  C.  Ratio  of  voltages 
evidently  is  equal  to  the  ratio  of  number 
PjQ   -_  of  tiuMis.     If   there   are  200  turns  be- 
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tween  A  and  B.  and  50  turns  between  B  and  C,  secondary  voltage  at 
no  load  would  be  one-fourth  the  primary.  These  transformers  are 
very  convenient  for  pressure  regulation,  because  several  taps  can  be 
taken  off  at  different  points  of  the  winding.  They  are  used  for  start- 
ing induction  motors,  and  for  regulating  the  voltage  of  transmission 
lines ;  also  in  connection  with  rotary  converters,  and  recently  they 
have  been  successfully  applied  for  regulation  of  the  speed  of  single- 
phase  series  railway  motors,  by  changing  the  voltage  at  the  brushes 
of  the  motor. 


The  vector  diagram  of  this  kind  of  transformer  can  be  deduced 
as  follows : 

Let  /'i  Fig.  38,  be  the  primary  current,  /„  the  secondary  current. 
and  /i;  the  current  flowing  in  the  transformer  between  the  points  C 
and  S.  Fig.  37.  If  n^  is  the  total  number  of  turns  between  A  and  B 
anrl  n.  number  of  turns  between  B  and  C,  then  the  e.m.f.'s  E^  and  £.., 
induced  bv  the  magnetic  flux  will  be  as  in  the  ratio  of  these  numbers 


r  1  •        -^-i  "x 

of  turns,  that  is,  „  = 


Let  O  F^  and  OF,  represent  these  vectors. 


Fig.   38:  let    ^    be  the  magnetic  flux,  and   O   .l/\  as  before,   the 
magnetizing  or  more  strictly  no-load  current  of  transformer,  consist- 
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ing  of  a  magnetizing  component  O  M  and  a  power  component  M  ]\P 
for  overcoming  iron  losses.  Two  conditions. regarding  the  currents 
are  to  be  fulfilled  : 

(i)  The  sum  of  the  currents  i,  and  ,\.  nuist  give  the  secondary 
current  i,. 

(2)  .Magnetizing  effects  of  currents  /,  and  j\^  together  must 
give  magnetizing  effect  of  the  no-load  current  i^  (see  diagrams  of 
ordinary  transformer  in  Figs.  28  and  30,  June  issue.) 

The  first  condition  is  expressed  in  diagram  Fig.  38,  by  the  tri- 
angle 0  K  L,  wdiere  0  K=i-^  K  L=^i-^.,  and  O  L=i.,.  The  second 
condition  is  expressed  by  the  triangle  0  G  AP,  where  each  current  is 
multiplied  by  the  number  of  turns  through  which  it  is  flowing  in  the 
transformer.  Thus  i^  (n^ — n.) — /^o  ih_,—-irj  «o  (geometrical  subtrac- 
tion). To  get  the  secondary  terminal  pressure  c.^  ohmic  and  inductive 
drops  between  the  points  B  and  C,  Fig.  37,  must  be  subtracted  from 
J  the   induced   secondary  e.m.f. 

E2=-^0  Fn  as  it  is  shown  by 
the  vectors  F2  X\=ii2  Rz  and 
N.^  -^2=^1 2  ^2  where  Ro  and 
X.,  are  the  ohmic  and  inductive 
resistances  of  the  windings  be- 
tween the  terminals  B  and  C. 
In  like  manner,  to  get  the  pri- 
mary impressed  volts  e-^  the 
total  drop  between  the  points 
A  and  B  must  be  added  to  the 
induced  primary  counter  e.m.f. 
E-^^^0  F^.  The  ohmic  drop 
between  A  and  B  is  equal  to 
/i  R^ — /jo  R..  where  R.^  is  the 
ohmic  resistance  of  the  wind- 
ing between  A  and  B.  The 
sign  minus  signifies  that  the  positive  directions  of  /.  and  Z^,  ^^'e  oppo- 
site. In  the  same  way  inductive  drop  is  ;',  .r, — /'i.  .r..  Fig.  38  repre- 
sents a  complete  diagram  of  an  auto-transformer.  This  diagram  can 
be  simplified  in  two  respects,  like  the  diagram  of  an  ordinary  trans- 
former : 

(i)  For  considerable  load  the  magnetizing  current  /„  can  be 
neglected,  as  compared  with  load  currents,  so  that  both  triangles 
0  K  L  and  O  G  AP  can  be  assumed  to  fall  into  one  straight  line  and 
the  condition  /,   (n^ — ;t,)=/j2  ;^,  is  approximately  fulfilled. 


FIG  39 
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(2)  The  induced  voltages  0  F^  and  0  F^  which  are  of  no 
practical  use,  can  be  eliminated,  so  as  to  leave  in  the  diagram  only 
the  primary  and  tlie  secondary  terminal  voltages,  as  was  done  in 

This  simplified  diagram  is  rep- 
resented in  Fig.  39,  and  the  final 
result  in  Fig.  40. 

Comparing  these  figures  with 
figures  33  and  34,  it  will  be  seen 
that  an  auto-transformer  has  an 
equivalent  ohmic  resistance  and  an 
equivalent  inductive  resistance  like 
an  ordinary  transformer,  and  that, 
consequently,  its  drop  and  regula- 
tion can  be  determined  in  just  the 
same  way  as  in  an  ordinary  trans- 
former.    First  of  all   the  ratio  of 

voltages      '    and  the  ohmic   resist- 

ances  R^  and  R.,  have  to  be  deter- 
mined, then  equivalent  inductive  re- 
sistance X  can  be  calculated  from 
short-circuit  test  (short-circuit  the  secondary  between  the  points  B 
and  C).  After  this  the  diagram,  as  in  Fig.  40,  can  be  used  for  cal- 
culating the  drop  and  regulation,  or  Kapp's  diagram  may  be  con- 
structed. jNIershon's  or  Baum's  devices  can  also  be  used.  The  only 
difference  from  the  ordinary  transformer  is  in  the  expressions  for 
equivalent  internal  resistance  and  reactance. 


FIG.    40 


FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY-VII 

By  R.   E.  WORKMAN 

(c)  Lo.\DiNG  A  Motor  by  a  Brake — This,  the  most  direct 
method  of  loading-  a  motor,  is  of  use  not  only  for  determining  the 
speed  regulation  of  the  motor,  but  also  for  directly  determining  its 
efficiency  from  the  torque  on  the  brake.  Its  drawbacks  are  that  it 
cannot  be  used  convenienth'  to  load  machines  of  large  size  for  any 
length  of  time,  and  that,  in  any  case,  it  is  difficult  to  obtain  a  steady 
load.  Brake  tests  are  taken  on  motors  of  capacities  less  than  about 
ICO  horsepower. 

^/ //////// /////////////A         ^^"^  large  motors  a  brake  of  the  form 
^X;/  '/,      shown  in  Figs.  32  and  33  is  used.     The 

pulley  is  of  the  shape  shown  in  Fig.  32. 
There  is  a  flange  on  the  outside  end  as 
shown  to  retain  a  layer  of  water  in  the 
pulley  when  it  is  rotating.  The  brake 
consists  of  strips  of  wood  all  around  the 
pulley,  held  together  by  means  of  three 
strong  steel  straps.  Under  the  Avood  is 
a  sheet  of  asbestos,  and  under  that,  a 
sheet  of  brass,  which  bears  directly  on 
the  pulley,  and  is  kept  well  lubricated 
with  grease.  The  tension  is  adjusted  by  means  of  a  screw  and  hand 
wheel  as  shown  in  the  illustration.  The  heat  generated  is  carried  ofif 
by  means  of  a  jet  of  water  thrown  into  the  pulley,  and  the  water 
is  drawn  off  by  a  scoop  at  the  end  of  a  large  hose.  For  smaller 
motors  the  form  of  brake  and  pulley  shown  in  Figs.  34  and  35  is 
used.  The  pulley  is  similar  to  that  used  with  the  large  brake,  but 
has  flanges  to  prevent  axial  motion  of  the  brake.  The  brake  con- 
sists of  a  strong  wooden  arm  to  one  end  of  which  is  fixed  a  block 
of  W'Ood  about  six  inches  broad  and  having  its  under  side  fitted 
to  the  surface  of  the  pulley.  A  strap  of  sheet  steel  faced  with 
canvas  is  fixed  at  one  end  fo  the  arm  by  means  of  a  bolt  and  passes 
around  the  pulley.  The  tension  of  the  strap  is  adjusted  at  the 
other  end,  by  means  of  a  screw  and  hand  wheel.  A  length  of 
threaded  steel  bar  is  fixed  int(j  the  other  end  of  the  arm  by  means 


FIG.  33 FORM  OF  PULLEY  USED 

IN  BRAKE  TESTS  OF 
LARGE  MOTORS 
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of  nuts,  as  shown,  to  rest  on  the  platform  of  the  scales.  In  this 
particular  brake  the  diameter  of  the  pulley  is  12  inches,  its  breadth 
about  6  inches,  and  the  leng1:h  of  the  arm  measured  horizontally 


FIG.  34 FORM  OF  BRAKE  USED  IN  BRAKE  TESTS  OF  SMALL  MOTORS 

between  the  center  of  the  shaft  and  a  vertical  line  through  the  pin 
at  the  end  when  the  arm  is  horizontal  is  3  feet.  The  heat  gener- 
ated is  carried  off,  as  shown  in  Fig.  35,  by  means  of  a  stream  of 
water.  As  the  brake  is  not  balanced  with  the  arm  horizontal,  it 
is  necessary  to  subtract  a  constant  amount   from   the   readings  of 


FIG.    35 DF.TAILS    OF    WATER    SERVICE    USED    IN    BRAKE    TESTS 
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the  weight  on  the  scales.  This  qnantit\'  is  found  as  follows:  The 
brake  is  taken  from  the  pulley  and  a  line  marked  on  its  bearing 
surface  which  would  be  vertically  above  the  center  line  of  the  pulley 
w^ith  the  arm  horizontal.  The  brake  is  supported  by  means  of  a 
\^-shaped  strip  of  wood  on  this  line  so  that  the  arm  shall  be  hori- 
zontal while  the  pin  at  the  other  end  of  the  brake  arm  rests  on 
the  table  of  the  scales.  The  \\eig:ht  measured  on  the  scales,  or  the 
"tare"  of  the  brake,  will  be  the  amount  which  is  to  be  subtracted 
from  all  the  readings  taken,  in  order  to  obtain  the  true  power 
absorbed  h\  the  brake. 


FIG.     36 BRAKE    TKST    ON     DIRECT-CURRENT     MOTOR 

Preparations  for  Test — The  connections  shown  in  Fig.  37  are 
those  for  a  brake  test  with  an  ordinary  running  test  table  :  an  iron- 
loss  table  may  be  used  just  as  well  witli  the  ordinary  connections 
for  running  a  motor. 

Conduct  of  Test — The  motor  is  started  and  brought  up  to  speed 
and  the  brushes  are  set  on  a  trial  full-load  position.  Tn  the  case 
of  large  motors,  where  a  shunt  regulating  rheostat  is  used  to  obtain 
the  correct  speed,  it  is  necessary  to  make  first  a  trial  at  full  load 
in  order  to  adjust  the  amount  of  resistance  in  the  shunt-field  for 
correct  full-load  speed.  The  readings  to  be  taken  are  :  Terminal 
volts,  armature  current,  shunt  current,  speed  and  weight  on  the 
scales. 
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Tn  taking  the  readings,  while  a  speed  is  being  taken,  the  voltage 
must  be  held  constant  and  the  brake  tension  kept  so  as  to  give  a 
constant  armature  current  during  each  reading.  This  should  give, 
at  the  same  time,  a  constant  brake  reading.  The  current  and  the 
weight  on  the  scales  must  be  read  simultaneously. 

The  shunt  resistance  having  been  adjusted,  it  remains  to  take 
a  series  of  readings  with  different  loads,  the  shunt  resistance,  brush 
position  and  voltage  being  held  constant.  A  reading  should  then  be 
taken  with  the  brake  off,  first  with  the  brush  position  unchanged  and 
then  with  the  brushes  on  no-load  neutral  and  the  same  field  current 
as  before ;  the  armature  input  from  this  last  reading  gives  the  sum 
of  friction  and  iron  losses  in  the  motor. 

Precautions  to  he  Observed — It  is  important,  especially  in  the 
case  of  small  motors,  to  take  all  readings  with  either  an  increasing 
or  decreasing  strength  of  field,  i.  c.,  in  a  compound-wound  motor, 
where  the  speed  drops  with  an  increase  of  load  due  to  the  strength- 
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cning  of  the  field,  different  speeds  will  be  obtained  if  the  regulation 
curve  is  taken  with  an  increasing-  and  a  decreasing-  load.  The  regu- 
lation curve  obtained  by  any  of  the  above  mentioned  methods  will 
be  the  same.  An  example  is  given  in  Fig.  38  of  the  curve  obtained 
in  an  actual  test  of  a  28-h.  p.,  220-volt,  810  r.  p.  m.,  4-pole  shunt- 
wound  motor. 
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FIG.    38 — PERFORMANCE    CURVES    OF    DIRECT-CURRENT    MOTOR 

Efficiency  Tests — The  efficiency  of  a  motor  may  be  found  in 
two  different  ways:     { i)  From  losses,  or  (2)  from  brake  test. 

(  I  )  Efficiexcy  of  a  AForfiR  I'ROm  Losses — The  data  required 
are:  the  resistance  of  the  copper  circuits  of  the  machine,  curve  of 
iron-loss  plotted  to  induced  e.m.f.,  Ix-aring  friction  and  windage 
loss,  brush  friction  loss,  a  speed  regulation  curve  and  the  number 
and  dimensions  of  the  brushes. 

Except  the  speed  regulation  curve,  these  data  are  all  found  in 
the  same  way  as  for  a  generator.  There  are  certain  differences, 
however,  in  their  use : 

(a)  The  terminal  voltage  is  the  sum  of  thr  induced  voltage 
and  the  volts  drop  in  the  armnturi'.  not  the  diffrrencc  as  in  the 
case  of  a  generator.  Ilnis  in  fnidiug  the  induced  \iillagc  for  read- 
ing off  the  iron-loss  from  the  cur\c  for  each  pi)int.  tlic  1 1\  dr<;])  iii 
the  armature  must  be  subtracted,  nnt  added. 


424  THE  ELECTRIC  CLUB  JOURXAL 

(b)  The  losses  must  be  subtracted  from  the  iuput  iu  order 
to  find  the  output,  instead  of  added  to  the  output  to  find  the  input. 

(c)  The  curves  of  input  and  output  are  plotted  in  horse-power 
instead  of  kilowatts. 

(d)  A  curve  of  torque  is  calculated  from  the  speed  curve  and 
the  curve  of  horse-power  output  (brake  hor.se-power),  from  the 
relation, 

brake  horse-power  =  speed  X  torque  X  2- 

33000 
=  speed  X  torque  X  .0001904. 

The  torque  is  calculated  for  a  series  of  points  and  plotted  with 
the  other  quantities.  The  following-  indicates  the  method  of  calcu- 
lation of  one  point  on  the  elBciency  curve  of  the  above  mentioned. 
28-h.  p.  shunt-wound  motor. 

Armature  current=ioo  amperes. 

Shunt  field  current=i.63  amperes. 

Total  current^=ioi.6  amperes. 

Terminal  voltage=220  volts. 

Speed  813  r.p.m. 
Copper  Losses : 

Armature  resistance  reduced  to  its  equivalent  at  50°  C.=.0543 
ohm. 

Shunt  field  resistance  reduced  to  its  equivalent  at  50°  C.-=II9.5 
ohms. 

(  i)      PR  loss  in  armature;^=543  watts. 

( ii )      PR  loss  in  field=358  watts. 

Area  of  half  the  total  number  of  brushes=^3.5  square  inches. 

Current  density=28.6  amperes  per  s(|uare  inch. 

Volts  drop  in  brushes=i.7. 

(iii)     PR  loss  in  brushes=i70  watts. 

IR  drop  in  armature=5.4  volts. 

Drop  in  brushes  and  leads=^2  volts. 

Induced   volts;^2i2.6. 

(   iv)      Iron  loss  (from  curve,  for  212.6  volts)=9io  watts. 

(     v)      Bearing  friction  and   windage  loss    (from  loss  test)=: 

233  watts. 
(   vi)      Pjrush  friction  loss  (from  loss  test)=  167  watts. 
(  vii)     I'otal  loss  (i+ii-f  iii-|-iv4-v+vi)=238i  watts, 
(viii)      Input— 22.35  kw.^^30  h.  p. 
(   ix)     Output=(  Input-losses)-=i9.97  kw.=26.8  li.  p. 
(     x)     Efificiencyr— 89.3  percent. 
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(   xi )      Torque   =--   33000    X    brake   '-horse-power   /    speed   = 
2  - 
5252X26.8=173  lb.  ft. 

813 

Efficiency  ok  a  .Motor  i'kom  P)Raki-:  Test — The  speed  regu- 
lation and  torque  curve  of  the  motor  may  be  determined  by  means 
of  a  brake  test  as  described  above  under  "Regulation,"  or  the  speed 
regulation  curve  and  the  torque  curve  may  be  determined  separately  : 
the  former  by  means  of  a  test  with  the  motor  belted  to  a  generator 
loaded  in  a  convenient  manner  and  the  latter  by  a  brake  test.  The 
latter  method  has  the  advantage  that  a  much  steadier  load  can  be 
obtained  while  speeds  are  being  taken.  It  is  important  to  see  that 
no  change  is  made  in  the  resistance  in  the  shunt  field  or  in  the  posi- 
tion of  the  brushes  between  the  regulation  and  the  torque  tests,  and 
also  that  both  tests  are  made  under  the  same  conditions,  as  regards 
increasing  or  decreasing  load. 

The  following  readings,  taken  on  the  above  mentioned  28-h.  p. 
shunt-wound  motor  will  serve  as  an  example  : 

Back  lead  on  brushes,  ^  of  one  bar. 

Brake-arm  length,  2^2  ft. 

Tare  of  brake,  2  lb.  10  oz. 


Terminal 
Volts 

Armature 
Amperes 

Field 
Amperes 

R.  P.  M. 

Weight  on 
Scales 

Lb.-Ft. 
Torque 

H.  P. 

.                 Efficiency 
B.H.P.j  Input 

220 

102 
6.6 

1.63 
1.63 

813 
813 

72lb.iooz. 
0 

175 
0 

27.1    1    30.6        88.6% 

220 

No-load  reading  bruslies 
on  no-load  neutral 

The  input  to  the  motor  in  watts  is  found  by  multiplying  the 
volts  by  the  sum  of  the  armature  and  shunt  amperes.  This  is  re- 
duced to  horse-power  l)y  dividing  the  number  of  watts  by  746,  or 
approximately  by  increasing  the  numlKM'  of  kilowatts  by  one-third. 

The  torque  is  found  from  the  reading  of  the  weight  on  the 
balance  by  subtracting  from  that  quantity  the  tare  and  multiplying 
the  result  by  the  length  of  the  1)rakearm.  As  the  weight  is  taken  in 
pounds  and  the  brake-arm  lengtli  in  feet,  the  torque  is  gi\'en  in  pound 
feet. 

The  output  of  the  motor  ni  brake  horse-power  is  found  bv  the 

o  — 

nroduct  of  the  torque,  the  speed  and      ~  "       or  .0001004. 

33.000 

The   efficiency   is   the   jiercentage   relation    of   oiiiput    to    input. 

The  no-load  loss  or  the  sumi  of  friciioii  and  iron  losses  is  found  bv 

multiplying  the  armature  amperes  b\-   the   voltage,   the  result   being 
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in  this  case  1450  watts.  The  efficienc}  curve,  curves  of  input,  out- 
put, torque  and  shunt  field  amperes  for  tins  niolior  are  shown  in 
Fig.  38. 

Shunt  R):gui-ation  of  IMotoks — In  the  case  of  variable-speed 
shunt  and  compound-wound  motors,  the  shunt  regulation  is  taken. 
This  curve,  which  is  a  speed  curve  for  constant  armature  current 
with  varying  field  currents,  is  taken  to  ascertain  the  limits  of  speed 
within  which  the  motor  will  work  satisfactorily,  and  to  give  data  for 
the  determination  of  a  suitable  speed  regulating  rheostat. 

Preparations  for  Test — The  machine  is  belted  to  a  generator  and 
the  table  connections  made  as  for  an  ordinary  regulation  test,  the 
method  of  loading  used  being  that  most  suitable  for  the  size  of  motor. 

Conduct  of  Test — The  machine  is  started  up  and  the  brushes 
set  with  a  definitely  known  back  lead.     Two  sets  of  readinsTS  are  to 
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be  taken,  one  set  with  decreasing  field  current  and  increasing  speed, 
the  other  with  increasing  field  current  and  decreasing  speed,  the  ter- 
minal voltage  and  armature  current  being  held  constant  throu"-hout 
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The  readings  recorded  are:  speed,  field  amperes,  armature  amperes 
and  terminal  volts,  and  notes  are  also  taken  of  the  commutation  at 
diiterent  speeds.  A  start  is  made  with  no  external  resistance  in  the 
shunt  field  and  the  speed  is  increased  to  a  specified  amount  or  until 
the  commutation  becomes  very  bad ;  the  field  current  is  then  raised 
again  and  brought  gradually  to  its  full  amount. 

Precautions  to  he  Ohseri'cd — It  is  important  that,  while  taking 
a  curve  the  field  current  be  either  continuously  increased  or  de- 
creased, as  the  case  ma\-  be.  As  in  the  iron-loss  test,  if,  in  regulat- 
ing, the  field  current  is  taken  beyond  its  proper  value  and  then 
brought  back  to  it.  errors  will  be  introduced,  owing  to  the  retentivity 
of  the  iron  of  the  field.  The  curves  for  a  15-h.  p.,  230-volt,  575-1 150 
r.p.m.,  4-pole  compound-wound  motor  are  plotted  as  shown  in  Fig. 
39,  the  higher  curve  being  that  obtained  with  an  increasing  field 
current.  Two  tests  were  made,  one  with  one  bar  back  lead,  the  other 
with  two  bars  back  lead.  It  was  noted  that  with  one  bar  back  lead, 
there  was  a  very  slight  sparking  above  1137  r.p.m.  With  two  bars 
back  lead  there  was  a  very  slight  sparking  from  11 12  to  1400  r.p.m., 
but  there  it  began  to  grow  worse. 
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SERIES    RESISTANCE    FOR    THE    TYPE    F    ALTERNATING    CURRENT 
■     VOLTiMP:TER. 

In  order  that  a  voltmeter  of  the  induction  type,  consisting  of 
an  aluminum  disc  revolving  in  the  air-gap  of  an  electro-magnet,  may 
not  be  afifected  by  small  changes  in  frequency,  it  is  necessary  to  in- 
sert a  non-inductive  resistance  in  series  with  the  instrument. 

The  pull  on  the  rotating  disc  varies  as  the  strength  of  field 
times  the  induced  current  in  the  disc.  This  ciu-rent  in  turn  is  pro- 
portional to  the  voltage  induced  in  the  disc,  which  is  proportional  to 
the  field  times  the  frequency ;  therefore  the  pull  on  the  disc  is  pro- 
portional to  the  square  of  the  field  times  the  frequency,  or  since 
the  field  is  proportional  to  the  line  current: 

Pull=consfantXc^  X  f 
where  c=^line  current,  and  /^=frequency. 

If  the  voltmeter  contains  a  ver\'  high  inductive  resistance,  the 
current  will  vary  inversely  as  the  fref|uency,  hence: 
Pull=coHStaniXi  /f-Xf-=constanty  1  /f. 
If.  on  the  other  hand,  the  voltmeter  contains  a  verv  high  non-induc- 
tive resistance,  the  current  will  be  independent  of  frequencv,  and  : 
Pull=constant\f 

We  thus  have  two  extreme  ci.udilions,  one  where  the  pull  is 
inversely  proportional  to  the  fre(|ucncy.  and  the  other  where  the  pull 
is  directly  proportional  to  the  frequenc}-.     I')v  inserting  a  non-induc- 
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tive  resistance  in  series  with  the  iiKhictive  resistance  of  the  volt- 
meter, these  two  conditions  may  be  so  proportioned  that  the  instru- 
ment will  not  be  affected  l)y  small  changes  m  frequency.  For  larg'e 
changes  in  frequency,  as  60  to  25  cycles,  a  readjustment  will  be  nec- 
essary since,  for  correct  reading,  the  instrument  must  have  the  same 
power  factor  and  consume  the  same  amount  of  energy  on  all  fre- 
quencies. 

A UTOM OBILE  VOLT M ETER 

The  development  of  the  electric  automobile  has  created  a  de- 
mand for  an  instrument,  capable  of  withstanding"  hard  service, 
which  will  indicate  the  amount  of  useful  charge  in  a  storage  bat- 
tery during  any  rate  of  discharge. 

For  any  given  rate  of  discharge,  a  storage  battery  will  give  a 
certain  discharge  curve,  the  number  of  ampere-hours  given  out  by 
the  battery  before  reaching  its  "discharged"  condition,  decreasing 
with  higher  rates  of  discharge,  as  shown  by  the  accompanying 
curves. 

The  voltage  across  the 
battery  on  open  circuit, 
alone  is  no  indication 
of  the  remaining  useful 
charge ;  that  the  voltage 
across  the  battery  with 
a  given  current  flowing 

i.s  ( — I 1 1 \ 1 Pv'^J 1 1 N'"'  I 1    is     equally     misleading, 

ma\-    be    shown    as    fol- 
lows :   taking  A   and  A'^ 
20  60          100         140         180         200        ^'"^   tlie    Half-Full  points 

Ampere  Hours  ou    tile    40   and   80   am- 

pere discharge  curves 
respectively,  an  instrument  indicating  Half-Full  on  the  voltage  rep- 
resented by  the  point  A,  will  evidently  indicate  that  the  batterv  is 
less  than  half  full  on  the  voltage  represented  by  the  point  A^ ;  there- 
fore, in  order  that  the  instrument  will  correctly  indicate  the  half- 
full  point  for  any  rate  of  discharge,  it  must  read  the  voltage  across 
the  battery,  plus  an  amount  approximatelv  proportional  to  the  cur- 
rent flowing;  that  is,  it  must  be  a  voltmeter,  with  an  additional 
series  coil. 

The  instrument  consists  of  an  iron  core  wound  with  a  shunt 
and  a  .series  coil  and  has  a  scale  marked  F.inpty,  Half-Full  and  Full. 
The  core  is  fitted  with  a  pole  piece  so  shaped  as  to  produce  a  scale 
proportional  to  the  ampere-hour  discharge,  which  attracts  a  soft 
iron  armature  actuating  the  pointer  .'^haft,  the  motion  being  con- 
trolled by  a  .strong  spring.  .As  no  jewels  are  u.sed,  the  instrument  is 
not  sensitive  to  vibration. 
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2000  H.P.   INDUCTION  MOTOR 

One  of  the  three  machines  used  in  pumping  water  for  the  Cascade  at  the 
Louisiana  Purchase  Exposition,  St.  Louis,  Mo. 
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THE  POLYPHASE  INDUCTION  MOTOR* 

IN  TWO  PARTS— PART  1 

By   B.   G.   LAMME 

THE  polyphase  motor  is  usually  treated  from  the  theoretical 
standpoint,  and  the  results  ohtained  are  of  interest  mainly  to 
designers  and  investigators.  Such  treatment  has  been  prin- 
cipally of  a  mathematical  nature,  the  object  being  to  show  how  the 
various  characteristics  of  the  motor  ma}'  be  predetermined.  That  is 
what  the  designer  requires,  but  it  gives  very  little  information  to  the 
practical  man,  who  uses  the  motor.  In  the  following  treatment  of  the 
subject,  the  general  operation  of  the  motor  will  be  explained  in  a  non- 
mathematical  way  by  the  use  of  diagrams  which  illustrate  its  charac- 
teristics under  difiFerent  conditions.  Only  the  non-synchronous  type 
of  motors  will  be  considered,  and  no  distinction  will  be  made  between 
two  and  three-phase  motors,  for,  if  properly  designed,  they  are  prac- 
tically alike  in  operation. 

It  is  necessar\-  to  understand  the  characteristics  of  the  polyphase 
motor  in  order  to  consider  properly  its  application  to  the  different 
classes  of  work  to  be  met  with  in  practice.  These  characteristics  can 
be  presented  in  the  most  intelligible  manner  by  means  of  curves, 
which  represent  the  relations  between  the  speed,  torque  or  turning 
efifort,  horse-power  expended  and  developed,  amperes,  etc.  The 
speed-torque  curve,  which  represents  the  speed  in  terms  of  the  torque, 
is  the  most  important  one,  as  upon  this  (le])ends  the  adaptability  of 
the  motor  to  the  various  kinds  of  work.  The  starting  conditions  also 
depend  upon  the  speed-torque  characteristics.  The  other  curves  that 
are  of  im])ortance  in  jjractice  are  the  curicnl,  cfticiency  and  power- 
factor.  As  these  arc  dependent,  to  some  extent,  upon  the  speed- 
torque  curve,  this  will  be  considered  first.  Before  treating  of  its 
characteristics,  a  short  description  of  the  motor  itself  will  be  given. 

A    Paper    PrtsenJetl    at    the    Twentieth    National    Elootrif    IjIkIU    Convi-nUon.     N'la>;ara 

Fall.s,  June  10,   1897. 
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Cojisfnicfioji  and  Winding. — The  polyphase  motor,  hke  a  direct- 
current  motor,  consists  primarily  of  two  parts,  one  stationary  and 

the  other  rotating-,  each  of  which 
carries  windings.  The  inside  bore, 
or  face,  of  the  stationary  part  is 
generally  slotted,  and  carries  wind- 
ings that  resemble  those  of  the  ro- 
tating part,  or  armature  of  an  or- 
dinary direct-current  motor  with- 
out the  commutator.  The  rotating 
part  is  also  slotted  on  its  outside 
face,  and  there  are  windings  in  the 
slots.  Both  cores,  or  bodies,  are 
built  up  of  thin  iron  or  steel  plates, 
r'ic.  I  The  general  arrangement  is  shown 

in  Fig.  I.  One  of  these  windings,  generally  that  on  the  stationary 
part,  receives  current  from  a  two  or  three-phase  supply  circuit.  The 
coils  of  this  winding,  al- 
though distributed  sym- 
metrically over  the  en- 
tire face  of  the  core,  are 
really  connected  to  form 
distinct  groups  which 
overlap  each  other. 
These  windings  form 
the  two  or  three  cir- 
cuits in  the  motor. 
When  alternating  elec- 
tromotive forces  are  ap- 
plied to  these  circuits, 
currents  will  flow  which 
set  up  magnetic  fields  in 
the  motor.  These  alter- 
nating fields  in  turn 
generate  electromotive 
forces  in  the  windings. 
Part  of  the  current  flow- 
ing in  the  windings  rep- 
resents energy  expended 
usefully,    or    m    heating,        primary  or  stationary  part  of  induction  motor 
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and  part  serves  merely  as  magnetizing  current.  The  latter,  like  the 
magnetizing  current  of  a  direct-ctuTcnt  machine,  is  dependent  upon 
the    dimensions   of   the   magnetic   circuit    and   upon    the    magnetic 

density  in  the  vari-  ,^_^ ^ 

ous  parts.  Even 
when  the  motor  is 
running  with  no 
load  the  magnetiz- 
ing current  is  re- 
quired. 

The  second  part 
of  the  motor,  gen- 
erally the  rotating 
part,  receives  no 
current  from  the 
supply  circuit.  The  magnetic  fields  set  up  by  the  first  set  of  wind- 
ings pass  through  the  second  windings,  and,  under  certain  condi- 
tions, generate  electromotive  forces  in  them.  If  the  second  wind- 
ings are  arranged  to  form  closed  circuits,  currents  will  flow  in 
them.  These  currents  are  entirely  separate  from  those  of  the 
supply  circuits. 

Speed  and  Slip. — When  running,  the  motor  has  a  maximum 
speed  that  is  approximately  equal  to  the  alternations  of  the  supply 
circuit  divided  by  the  number  of  motor  poles  in  each  circuit.  This 
is  the  no-load  speed.  As  the  motor  is  loaded,  the  speed  falls  ofl 
almost  in  proportion  to  the  load.  The  drop  in  speed  is  sometimes 
called  the  "slip."  This  is  usually  expressed  in  percent  of  the  max- 
imum speed.  If,  for  instance,  a  motor  has  a  maximum  speed  of 
I, GOO  revolutions  and  drops  fifty  revolutions  below  this  at  full  load, 
it  has  then  a  slip  of  five  percent. 

Torque  and  Armature  Current. — With  this  type  of  motor,  a 
drop  in  speed  is  necessary  for  developing  torque.  A  fairly  simple 
illustration  of  this  action  may  be  obtained  by  considering  the  oper- 
ating of  an  alternating-current  generator  under  certain  conditions. 
We  will  take  a  type  of  alternator  having  a  stationary  armature  and 
a  rotatable  field  magnet,  which  can  be  driven  at  various  speeds. 
Leads  are  carried  out  from  the  armature  to  adjustable  resistances. 
To  avoid  complexity,  the  armature  circuits  and  the  resistances  are 
considered  as  non-inductive.  The  field  coils  are  excited  by  direct 
current.     Fig.  2  shows  this  arrangement. 
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When  the  field  is  rotated  at  a  certain  speed,  with  the  tield  coils 
charged,  there  is  an  alternating  electromotive  force  set  up  in  the 
armature  winding.     When  the  armature  circuit  is  closed  through  a 

resistance,  a  current  will  flow  and  the 
armature  will  develop  power.  The 
power  developed  hy  the  armature  is 
slightly  less  than  the  power  expended 
on  the  field  shaft,  which  is  propor- 
tional to  the  product  of  the  speed  and 
the  turning  or  driving  effort — i.  e. 
torque — on  the  shaft.  Consequently, 
at  a  given  speed,  a  driving  effort  is 
required  at  the  field  shaft,  correspond- 
ing to  the  powder  developed  by  the 
armature.  If  the  armature  current  is 
increased  or  decreased,  the  power  de- 
veloped is  increased  or  decreased  also. 

CAGE-WOUND     SECONDARY     OR     REVOLVING  ^ 

p.^RT  OF  INDUCTION   MOTOR         aud   tlic    driviug   effort    will    vary    in 

proportion. 
Let  the  field  now  be  rotated  at  one-half  the  above  speed.  The 
armature  electromotive  force  becomes  one-half  w^hat  it  was  before. 
Reducing  the  resistance  in  the  armature  circuit  also  to  one-half,  the 
same  current  as  before  will  flow.  The  power  developed  by  the  arma- 
ture is  now  one-half  and  the  speed  of  the  field  is  one-half,  conse- 
quently the  driving  effort  or  torque  is  the  same  as  before.  Re- 
ducing the  speed  further,  and  decreasing  the  resistance  in  the 
armature  circuit  in  i)roportion,  to  keep  the  armature  current  con- 
stant, we  find  the  driving  effort  on  the  field  remains  constant.  Fi- 
nally, if  we  reduce  the  speed  so  much  that  the  external  armature 
resistance  is  all  cut  out.  and  the  armature  is  short-circuited  on  itself 
with  the  same  current  as  l)efore,  the  same  driving  eft'ort  is  still  re- 
quired. 

The  field  is  ncw^  rotating  very  slowly,  and  the  alternations  in 
the  armature  are  very  low%  being  just  sufficient  to  generate  the  elec- 
tromotive force  required  to  drive  the  armature  current  against  the 
resistance  of  the  windings.  Any  further  reduction  in  speed  will 
diminish  the  armature  electromotive  force,  and  hence  the  armattire 
current  must  fall,  the  power  developed  be  diminished  and  the  driving 
effort  also  fall  in  proportion.  An  increase  in  speed  will  increase  the 
armature  current  and  thus  increase  the  driving  effort  required. 
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It  but  one  armature  circuit  is  closed,  the  power  developed  will 
pulsate  as  the  armature  current  varies,  from  zero  to  a  maximiun 
value,  and  the  driving  effort  will  also  vary.  But  if  the  armature 
has  two  or  more  circuits  having  different  phase  relations,  it  may  de- 
velop power  continuously  and  the  driving  effort  will  then  be  con- 
tinuous. 

Illustration  of  "Slip." — The  armature  has  been  considered  as 
stationary  and  developing  power  while  a  certain  driving  effort  was 
applied  to  the  field.  According  to  the  well-known  law  that  any 
force  is  met  by  an  opposing  force,  the  armature  must  have  a  cer- 
tain resisting  effort.  The  armature  really  tends  to  rotate  with  the 
field,  and  the  resisting  effort  is  exerted  to  prevent  this. 


coil-v;ou>:d  secondary  part  of  induction  motor,  for  starting  with  resistance 

IN  secondary  circuit 

Assume  the  armature  to  be  arranged  for  rotation,  but  locked. 
in  the  above  operations.  Release  the  armature,  attach  a  brake,  and 
adjust  for  a  torque  equal  to  the  resisting  effort  of  the  armature. 
The  armature  just  remains  stationary.  Speed  up  the  field,  and  ihe 
armature  will  speed  up  also,  keeping  a  certain  number  of  revolu- 
tions behind  the  field.  This  difference  in  speed  is  that  required  for 
generating  the  electromotive  force  necessary  for  sending  the  current 
through  the  armature.  The  alternations  in  the  armatiu'e  will  re- 
main constant  for  a  given  armature  current,  independent  of  the 
speed  at  which  the  armature  is  running. 

If  the  brake  be  tightened,  the  armature  nuist  drixe  more  cur- 
rent through  its  windings  to  develop  the  re(|uired  effort,  the  arma- 
ture alternations  nuist  hence  increase,  and  the  armature  will  there- 
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fore  lag'  behind  its  field  more  than  before,  or  the  "slip"  is  increased. 
If  the  brake  be  loosened,  the  armature  will  run  nearer  the  speed 
of  the  field.  If  the  field  be  driven  at  a  constant  speed  and  the  brake 
be  released,  the  armature  will  run  at  practically  the  same  speed  as 
the  field. 

If  the  winding  consists  of  but  one  closed  circuity  the  torque  de- 
veloped by  the  armature  varies  periodically,  and  that  developed 
by  the  brake  will  vary  also,  but  to  a  less  extent,  as  it  is 
steadied  by  the  inertia  of  the  rotating  armature.  But  with  two  or 
more  circuits  having  different  phase  relations,  arranged  for  con- 
stant power  developed  in  the  armature  windings,  the  torque  devel- 
oped is  also  constant  at  all  times.  Consequently,  for  constant  torque 
at  the  brake,  there  should  be  two  or  more  phases  in  the  armature 
windings. 

Difference  between  Illustration  and  Actual  Case. — This  ex- 
planation of  the  development  of  torque  in  the  short-circuited  arma- 
ture is  merely  an  attempt  to  illustrate  certain  of  the  actions  in  the 
polyphase  motor  armature  by  a  comparison  with  the  operations  of 
other  apparatus,  that  is,  in  general,  much  better  understood.  We 
cannot  infer,  from  the  above  illustration,  that  an  alternating  ctir- 
rent  generator  would  run  as  a  motor  under  the  assumed  conditions, 
for,  in  the  above  operations,  mechanical  power  is  supplied  to  the 
field  shaft,  and  mechanical  power  is  delivered  by  the  rotating  arma- 
ture to  the  brake.  There  is  no  true  electro-motor  action ;  that  is, 
there  is  no  transformation  of  electrical  power  supplied  to  mechani- 
cal power  developed. 

The  action  of  the  short-circuited  armature  of  the  above  gener- 
ator and  that  of  the  polyphase  motor  are  verv  similar  in  regard  to 
drop  in  speed  for  developing  torque.  But,  in  the  polyphase  motor, 
instead  of  the  mechanically  rotated  field  magnet,  there  is  a  station- 
ary core  provided  with  two  or  more  windings  which  carry  currents 
having  different  phase  relation.  These  windings  are  placed  pro- 
gressively around  the  core,  either  overlapping  or  on  separate  poles. 
When  the  currents  flow  in  the  windings,  resultant  magnetic  poles 
or  fields  are  formed,  which  are  progressively  shifting  around  the 
axis  of  the  motor.  The  closed  or  short-circuited  armature,  rotating 
in  thi^  field,  develops  torque  by  dropping  in  speed,  in  the  same  way 
that  it  develops  torque  with  mechanically  rotated  field  magnets. 
But  electrical  power,  instead  of  mechanical,  is  now  supplied  to  pro- 
duce the  shifting  of  rotating  field,  and  the  conversion  from  electri- 
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Circuit  1   at  Mammiuim  Current. 
Circuit  a  At  Zero  Current. 


Circuit  1  with  Decreasing  Current. 
Circuit  a  with  Increisii.g  Current. 


Circuit  1  at  Zero  Current. 
Circuit  8  at  Maximum  Current. 


Circuit  1  Increasing  in  Reverse 

Direction. 
Circuit  5  Decreasing. 


No.  5 
Circuit  1  at  M.i\;ii»ain  in  Reverse 

Direction. 
Circuit  3  at  Zero 


Circuit  1  Decreasing. 
Circuit  2  Increasing  in  Re\erse 
Direction. 


Frc.  3 
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cal  power  supplied  to  the  field  windings  to  mechanical  power  de- 
veloped by  the  armature  shaft  is  a  transformer  action  which  does 
not  appear  in  the  above  illustrations. 

Rotating  Magnetic  Field  Eiectrically  Produced. — Fig.  3  shows 
diagrammatically  a  progressively  shifting  field  with  two  over- 
lapping windings  arranged  for  two-phase  currents.  Coils  i-i,  etc., 
form  one  circuit,  while  coils  2.-2,  etc.,  form  the  other.  Starting 
with  the  instant  when  the  current  in  i  is  at  its  maximum  value, 
the  magnetiziing  force  of  this  set  of  coils  must  be  at  its  maximum. 
The  current  and  magnetizing  force  of  circuit  2  are  at  zero  value. 
Four  poles  or  magnetic  fields,  alternating  N-S-N-S  around  thecorc, 
are  formed  directly  over  coils  i.  As  the  current  in  i  begins  to  de- 
crease, that  in  2  rises.  We  then  have  the  combined  magnetizing 
forces  of  the  two  overlapping  windings.  These  two  magnetizing 
forces  act  together  at  some  points,  and  oppose  at  others.  The  re- 
sultant magnetic  field  shifts  to  one  side  of  the  former  position.  As 
the  current  in  i  gradually  falls  to  zero  and  2  rises  to  its  maximum 
value,  the  magnetic  field  shifts  around  until  it  is  directly  over  coils 
2.  If  the  current  in  i  should  next  increase  in  the  same  direction  as 
before,  while  2  diminished,  the  magnetic  poles  would  shift 
back  again  to  their  former  position.  But  the  current  in  i,  after 
reaching  zero  value,  rises  in  the  opposite  direction,  while  that  in 
2  falls.  This  shifts  the  resultant  poles  forward  instead  of  back- 
ward, and  they  gradually  shift  ahead  until  they  are  again  directly 
over  coils  i.  But  the  A'  poles  have  shifted  around  until  they  now 
occupy  the  former  position  of  the  vS"  poles.  Thus,  with  the  current 
in  I  passing  from  a  maximum  in  one  direction  to  a  maximum  in 
the  opposite,  the  poles  have  shifted  forward  the  width  of  one  polar 
space.  Current  in  2  next  rises  in  a  reversed  direction,  and  the  poles 
shift  forward  until  when  the  current  in  2  is  a  maximum  they  are 
over  coils  2. 

The  diagrams,  Nos.  i,  2,  3,  etc..  show  the  positions  of  the 
shifting  field  under  certain  conditions  of  current  in  the  two  cir- 
cuits. In  No.  2,  the  position  shown  is  an  arbitrary  one,  for  it  de- 
pends upon  the  relative  values  of  the  currents  in  the  two  circuits. 
With  the  two  currents  equal,  the  position  of  the  line  A'^-iV  would 
be  half-way  between  coils  1  and  2. 

These  diagrams  show  that  the  magnetic  field  due  to  two-phase 
currents  in  properly  arranged  windings  shifts  progressively  around 
the  axis,  just  as  if  the  field  were  rotated  mechanically. 
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Specd-Torquc  Curve. — In  polyphase  motors,  the  part  that  re- 
sembles the  field  in  the  above  description,  and  which  receives  the 
cnrrent  from  the  line,  is  usualh-  called  the  primary,  on  account  of 
its  electrical  resemblance  to  the  primary  of  a  transformer.  The 
equivalent  of  the  armature  in  the  preceding  description  is  called  the 
secondary.  If  the  alternations  of  the  supply  circuits  are  constant, 
the  reversals  of  the  current  in  the  field  or  primary  will  occur  at  a 
uniform  rate,  and  the  magnetic  field  will  shift  around  its  center  at 
a  definite  speed,  depending  upon  the  rate  of  alternation  of  the  sup- 
ply circuit  and  the  number  of  poles  in  each  circuit  of  the  motor. 
If  the  armature  or  secondary  rotates  at  the  same  speed  as  the  field 
shifts,  there  will  be  no  reversals  or  alternations  in  its  magnetism,  and 
there  will  be  no  currents  and,  consequently,  no  torque.  If  a  load  is 
thrown  on,  the  speed  will  drop,' and  the  resultant  alternations  in  the 
secondary  will  generate  electromotive  forces  which  will  drive  cur- 


rents through  the  windings,  and  thus  develop  torque.  The  speed 
will  continue  to  fall,  and  the  secondary  electromotive  forces  will 
continue  to  increase  until  a  torque  sufficient  for  the  load  is  de- 
veloped. Increasing  the  load  on  die  motor,  the  speed  should  fall 
and  the  torque  increase  until  zero  speed  is  reached.  The  speed- 
torque  curve  would  then  be  of  the  form  shown  in  Fig.  4,  curve 
"a."  But  the  shape  of  this  curve  is  modified  to  a  great  extent  in 
actual  motors  by  certain  effects  which  cannot  be  entirely  elim- 
inated. 

Primary  Resistance  Reduces  Magnetisalion  at  Heavy  Loads. — 
In  the  case  of  the  revolving  field,  the  magnetization  was  supposed 
to  remain  constant  under  different  conditions.  But  in  the  motor 
primary,  the  magnetism  of  the  primary  is  not  constant  under  all 
conditions,  and  it  does  not  all  pass  through  the  secondary  circuits. 
The  primary  windings  necessarily  have  some  resistance,  and  a  cer- 
tain electromotive  force  is  required  to  drive  the  primary  current 
through  the  windings.     With  a  constant  applied  electromotive  force, 
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the  primary  counter-electromotive  force  will  diminish  as  the  drop 
due  to  primary  resistance  increases,  and  the  magnetic  field  required 
will  diminish  also.  Consequently  to  develop  the  required  secondary 
electromotive  force  for  driving  the  secondary  current  through  the 
windings,  the  speed  must  drop  more  than  shown  by  curve  "a"  in 
Fig.  4.  This  gives  a  speed-torque  curve  as  shown  by  curve  "b" 
in  Fig.  4.    Instead  of  being  a  straight  line  it  is  somewhat  curved. 


50-H.P.    3-PHASE    INDUCTION    MOTOR    WITH    CAGE-WOUND    SECONDARY 

Magnetic  Leakage  Limits  Maximum  Torque. — But  there  is  a 
still  more  important  effect  in  the  motor.  The  primarv  and  second- 
ary currents,  and  their  consequent  magnetizing  forces,  are  opposed 
to  each  other.  The  result  is  that  part  of  the  primary  magnetism 
threads  across  between  the  primary  and  secondary  windings  with- 
out passing  into  the  secondary.  Thus,  the  electromotive  force  of 
the  secondary  is  reduced,  or,  for  a  required  secondarv  electromotive 
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force,  the  secondary  alternations  must  be  increased.  This  means  a 
further  drop  in  speed. 

The  secondary  currents  also  tend  to  form  local  magnetic  fields 
around  their  own  coils.  These  local  fields  are  alternating,  and  set 
up  electromotive  forces  in  the  secondary  circuits.  In  consequence, 
the  electromotive  forces  generated  by  the  magnetism  from  the  pri- 
mary have  to  drive  currents,  not  only  against  the  resistance  of  the 
secondary  windings,  but  also  against  these  local  electromotive 
forces.  This  necessitates  a  further  drop  in  speed  for  the  required 
torque.  These  local  electromotive  forces  depend  upon  the  second- 
ary alternations,  and  therefore  vary  with  the  drop  in  speed,  and  are 
greatest  at  zero  speed.  This  introduces  a  very  complicated  con- 
dition in  the  secondary  circuits.  These  magnetic  fields,  which 
thread  around  only  the  primary  or  secondary  windings,  are  called 
the  magnetic  leakages,  or  stray  fields,  or  the  magnetic  dispersion. 

If  the  magnetic  leakage  is  relatively  large,  that  is,  twenty  to 
twenty-five  percent  of  the  total  induction,  and  the  secondary  re- 
sistance is  low,  the  speed-torque  curve  will  have  the  peculiar  shape 
shown  in  Fig.  5.     This  curve  shows  the  torque  increasing  as  the 


FIG.   5 

speed  falls,  until  a  certain  maximum  is  reached.  Beyond  this  point 
the  torque  diminishes  with  further  drop  in  speed.  If  the  motor  is 
loaded  to  the  maximum  torque,  a  slight  increase  in  load  causes  a 
further  drop  in  speed,  the  torque  diminishes  and  the  motor  stops. 
As  a  consequence,  the  normal  rating  of  the  motor  must  be  consid- 
erably below  this  "pulling-out  point."  The  margin  necessary  de- 
pends upon  the  nature  of  the  load  to  be  carried. 

The  starting  torque,  speed  regulation,  etc.,  of  the  polyphase 
motor  depend  upon  the  form  of  the  speed-torque  curve.  The  dif- 
ferent methods  of  varying  the  form  of  these  curves  will  be  consid- 
ered next. 
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Effect  of  Secondary  Resistance  on  Speed  Curve. — As  the  sec- 
ondary electromotive  force  is  that  necessary  to  drive  the  secondary 
currents  thronq-h  the  windings,  it  follows  that  the  electromotive 
force  required  must  depend  upon  the  resistance  of  these  windinp^s. 


FIG.    6 


A  lar,s:er  resistance  means  a  larger  electromotive  force  for  the  re- 
r|uired  current,  and.  therefore,  a  greater  number  of  secondarv  al- 
ternations, or  a  greater  drop  in  speed.  The  torque  being  held  con- 
stant, any  variation  of  the  secondary  resistance  requires  a  propor- 
tionate variation  in  the  slip.  Tf  the  slip  with  a  given  torque  is  ten 
percent,  for  instance,  it  will  be  twenty  percent  with  double  the  second- 
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ary  resistance,  or  fifty  percent  with  five  times  the  resistance.  This 
is  true  only  with  the  primary  conditions  of  constant  applied  electro- 
motive force  and  constant  alternations.  The  secondary  resistance 
may  be  in  the  windings  themselves ;  or  ma}'  be  external  to  the  wind- 
ings, but  part  of  the  secondary  body,  or  it  may  be  entirely  separate 
from  the  machine,  and  connected  to  the  windings  by  the  proper 
leads. 

Fig.  6  shows  the  speed-torque  curves  for  a  motor  with  dif 
ferent  resistance  in  the  secondary  circuit.  In  curve  "a,"  the  sec- 
ondary resistance  is  small.  In  curve  "b"  the  secondary  resistance 
is  doubled.  The  maximum  torque  remains  the  same,  but  the  slip 
for  any  given  torque  is  doubled.  This  motor  starts  much  better 
than  that  in  curve  "a."  In  curve  "c,"  the  resistance  is  again 
doubled,  and  the  slip  is  also  doubled.  The  starting  torque  is  in- 
creased, but  the  slip  is  rather  large  at  the  rated  torque,  T.  In  curve 
"d,"  the  slip  is  again  doubled.  In  this  case  the  torque  is  high  at 
start  and  falls  rapidly  as  the  speed  increases.  In  curve  "e,"  the 
maximum  torque  is  not  yet  reached  at  zero-speed.  Continuing 
these  curves  below  the  zero-speed  line,  that  is,  running  the  motor 
in  the  reverse  direction,  we  get  the  general  form  of  these  different 
speed-torque  curves.  They  are  all  of  the  same  general  shape,  and 
all  have  th?  same  maximum  torque. 

So  far  as  torque  is  concerned,  curve  "d"  is  the  best  for  starting. 
But  for  running,  curve  "a"  gives  the  least  drop  in  speed.  Conse- 
quently, if  a  resistance  is  introduced  at  start  that  will  give  the 
speed-torque  curve  "d,"  it  should  be  cut  out  or  short-circuited  for 
the  running  condition.  This  is  one  method  of  operation  that  has 
been  much  used. 

Current  Curve. — In  determining  the  best  starting  condition, 
the  current  supplied  to  the  primary  must  be  considered  in  connec- 
tion with  the  speed-torque  curves.  This  current  is  plotted  with  the 
series  of  speed-torque  curves  shown  in  Fig.  6.  Referring  to  this 
figure,  curve  "A"  represents  the  primary  amperes  in  terms  of  torque. 
Starting  at  the  point  "B,"  of  no-load,  or  zero,  torque,  it  rises  at  a 
nearly  uniform  rate  until  maximum  torque  is  approached ;  that  is. 
lielow  the  point  of  maximum  torque  the  current  is  nearly  propor- 
tional to  the  torque,  but  beyond  this  point  the  current  continues  to 
increase,  and  reaches  a  maximum  at  the  torque  represented  by  zero 
speed.  At  reversed  speed  this  current  is  further  increased.  This 
one  current  curve  holds  true  for  all  the  speed-torque  curves,  a,  b. 
c,  d,  etc. 
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Comparing  the  different  curves,  we  see  that  "a"  takes  the  most 
current  at  start,  and  gives  low  torque;  "b"  takes  less  current  than 
"a,"  and  gives  more  torque;  ''c"  takes  less  current  than  "b ;"  "d'' 

takes  less  current  than  "c,"  and  gives  the 
maximum  torque  at  start,  "e"  takes  less 
current  than  "d,"  and  develops  less 
torque;  but  the  current  and  torque  are 
very  nearly  in  proportion  over  the  whole 
range.  From  this  we  see  that  a  speed- 
torque  curve  of  the  form  of  "d"  or  "e" 
is  decidedly  better  for  starting  than  "a" 
or  "b."  But  for  running  at  less  than 
the  maximum  torque  there  is  no  advan- 
tage, so  far  as  current  is  concerned,  in 
curve  "d"'  over  curve  "a,"  and  the  speed 
regulation  of  "d"  is  poor. 
Starting  With  V^ariahle  Secondary  Resistance. — Fig.  7  rep- 
resents the  conditions  of  speed,  current,  etc.,    when  a  variable  sec- 
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FIG.    7 


ondary  resistance  is  used  at  start.    The  motor  starts  at  "f"  on  curve 
"d,".and  takes  a  current  "g."    The  current  falls  to  "h,"  while  the 
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speed  rises  to  "i,"  which  corresponds  to  the  normal  torque  "T"  at 
which  the  motor  will  run  under  the  given  conditions  as  long  as  the 
motor  operates  on  curve  "d."  The  speed  will  remain  at  this  point. 
If  the  resistance  in  the  secondary  is  now  short-circuited,  and  the 
load  thus  shifted  to  the  speed-torque  curve  "a,"  the  torque  at  the 
speed  "i"  increases  to  "k"  on  torque  curve  "a."  The  current 
corresponding  to  this  is  "1."  As  the  torque  at  "k"  is  greater  than 
the  normal  torque  "T,"  the  motor  speed  will  increase  until  normal 
torque  is  reached  again  at  "m,"  while  the  current  falls  from  "1"  to 


FIG.    8 

At  the  moment  of  cutting  out  the  secondary  resistance,  there 
will  be  a  very  considerable  increase  in  the  current.  By  arranging  the 
starting  resistance  in  the  secondary  so  that  the  motor  will  start  on 
some  curve  intermediate  between  "a"  and  "d,"  and  thus  take  more 
current  at  start,  somewhat  less  would  be  required  upon  switching 
curve  to  "a."  If  curve  "e"  is  used  for  starting,  and  if  the  torque 
required  when  speeding  up  is  greater  than  that  at  the  point  where 
curves  "a"  and  "e"  cross  each  other,  the  motor  will  not  pull  up. 
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because  in  switching-  from  "e"  to  "a,"  the  torque  falls,  and  tlie  mo- 
tor will  stop.  The  current  on  switching  over  increases  to  '"n."  and 
then  rises  to  "o"  as  the  motor  stops.  In  this  case  the  resistance 
that  gives  curve  "e"  is  too  great,  and  a  lower  starting  resistance  is 
recjuired.   With  a  large  number  of  resistance  steps,  small  variation  of 


FIG.    9 

current  is  secured.  By  making  several  steps  of  the  secondary  re- 
sistance, so  that  it  may  be  cut  out  graduallx,  the  motor  may  be 
made  to  pass  through  a  series  of  speed-torque  curves  with  much 
smaller  variations  of  current  than  shown  in  the  preceding  diagrams. 
This  method  has  been  used  to  some  extent,  but  requires  collector 
rings  or  a  complicated  switching  arrangement  in  connection  with. 
tlie  motor  secondary. 

Fig.  8  shows  the  conditions  for  starting  and  speeding  up 
with  five  speed-torque  curves.  The  motor  starts  on  curve  "e"  at 
"f."  The  speed  rises  to  "g."  The  motor  is  then  switched  to  curve 
"d,"  the  torque  rising  to  "h."     The  speed  then  rises  to  '"i."      In 
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this  way  the  motor  passes  successively  from  "d"  to  "c.'"  "b"  ana 
"a."  until  the  full  speed  is  reached.  The  currents  at  no  time  reach 
very  high  values. 
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Plotting-  the  current  in  terms  of  speed,  the  use  of  a  large  num- 
ber of  steps  is  shown  to  better  advantage.  This  is  shown  in 
Figs.  9  and  lo.  Fig.  9  shows  the  same  starting  conditions  as  Fig. 
7  with  curves  "d"  and  "a."  The  current  starts  at  "a"  and  falls 
to  "'b."  The  resistance  is  then  short-circuited  and  the  current  rises 
to  "c"  and  then  falls  to  "d,"  which  is  the  same  as  "b."  If  "a"  had 
been  higher  at  start,  '"c"  would  have  been  lowered  slightly.  But  as 
the  time  required  for  passing  from  "a"  to  "b"  is  generally  greater 
than  that  from  "c"  to  "d,"  "c"  may  be  higher  than  "a."  If  the 
motor  is  not  required  to  develop  such  a  large  torque  when  pulling 
up,  then  "c"  may  be  lowered,  while  "a"  is  left  unchanged. 

In  Fig.  10,  the  currents  in  terms  of  speed  are  shown  for 
five  steps  with  the  five  speed-torque  curves  of  Fig.  8.  The  start- 
ing current  "a"  is  low,  and  none  of  the  currents,  when  switching 
from  one  curve  to  another,  is  large.  The  dotted  lines  show  the  cor- 
responding currents  for  two  steps,  as  in  Fig.  9. 

(TO  BE  CONCLUDED  IN  OCTOBER) 


CROSSING  A  RAILROAD  RIGHT  OF  WAY 
BY  A  TRANSMISSION  LINE 

By  P.    M.   LINCOLN 

WHERE  a  transmission  line  crosses  a  railroad  right  of  way, 
the  railroad  being  the  older  enterprise,  will  impose  cer- 
tain conditions  to  be  met  by  the  transmission  company 
in  order  to  secure  safety  to  the  railroad's  traffic.  It  may  be  that 
an  underground  crossing  will  be  prescribed,  or  it  may  be  an  over- 
head crossing  of  a  more  secure  nature,  and  of  both  of  these  I  will 
briefly  speak. 

In  conveying  cables  underground,  in  the  present  state  of  the 
art,  line  construction  above  20,000  volts  is  an  impossibility.  Even  at 
this  voltage  it  is  a  very  difficult  requirement  for  the  transmission 
company  to  meet.  There  are  but  two  places  that  I  know  of  where 
so  high  a  pressure  as  20,000  volts  is  in  use  on  underground  cable 
sections.  It  is  also  to  be  noted  that  while  the  influence  of  short  sec- 
tions of  cable  on  long  aerial  lines  is  at  present  unknown,  it  is  more 
than  likely  that  experience  will  develop  the  fact  that  the  protection 
of  these  short  lengths  is  more  difficult  than  the  protection  of  an  en- 
tire underground  system  at  the  same  voltage. 

The  only  way,  therefore,  in  which  potentials  over  20,000  can 
be  carried  underground,  is  to  make  an  opening  under  the  right  of 
way,  of  sufficient  size  to  permit  aerial  construction  in  practically 
the  same  manner  as  it  is  now  carried  on  the  poles,  except  of  course 
that  the  height  need  not  be  so  great  and  the  dimensions  between  the 
wires  might  be  somewhat  reduced.  At  the  present  time,  therefore, 
a  ruling  by  a  railroad  company,  that  no  transmission  lines  should 
cross  its  right  of  way  overhead,  would  practically  exclude  all  trans- 
mission lines  above  20,000  volts,  and  make  it  impossible  for  them  to 
cross  with  their  wires. 

I  take  it  that  there  are  two  distinct  dangers  which  menace  the 
railroad  company's  property  at  the  point  of  crossing  high-tension 
lines,  one  of  which  is  electrical  and  the  other  mechanical.  The 
electrical  danger  obtains  whenever  the  wire  comes  near  enough  to 
the  ground,  or  to  trains  passing  under  them,  that  persons  on  the 
right  of  way  or  on  the  trains  can  by  any  means  come  in  contact  with 
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them.  The  mechanical  danger  is  due  to  the  transmission  cables 
getting-  across  the  tracks  or  in  the  way  of  the  trains  and  is  entirely 
independent  of  the  danger  from  shock.  So  long  as  the  cables  can 
be  kept  a  safe  distance  from  the  ground,  say  30  feet,  neither  of 
these  dangers  will  exist.  It  is  only  when  the  cables  come  down 
either  partially  or  completely  that  there  will  be  any  danger  to  a 
railroad  company's  traffic. 

The  question,  therefore,  resolves  itself  into  this :  How  can 
the  cables  of  the  transmission  company  best  be  kept  in  place,  and 
should  they  by  any  means  break,  how  can  the  electrical  charge  be 
removed  from  them  at  that  time?  The  best  possible  mechanical 
construction,  it  seems  to  me,  consists  of  the  transmission  cables 
alone,  provided  they  are  properly  put  up.  Any  structure,  such  as 
a  net,  placed  upon  the  same  poles,  is  bound  to  throw  an  additional 
mechanical  strain  upon  the  structure  with  the  result  that  as  a  whole 
it  is  weakened  and  not  so  able  to  bear  abnormal  mechanical  strains 
as  the  transmission  cable  alone.  In  other  words,  the  best  bridge 
that  can  be  put  across  the  right  of  way  over  which  the  transmission 
company  is  to  send  its  power,  consists  of  the  transmission  cables 
themselves  and  any  additional  mechanical  devices  hung  upon  this 
structure  must  necessarily  tend  to  weaken  the  structure  and  thus  de- 
feat its  own  purpose.  Mechanically,  therefore,  the  transmission 
line  alone  is  the  best  construction.  In  making  this  statement,  I  do 
not  refer  to  the  mechanical  construction  which  is  typically  repre- 
sented by  the  average  telegraph  line.  The  telegraph  line  built 
usually  of  a  small  solid  conductor 
strung  very  tight,  when  coated  with 
snow  or  ice  has  not  nearly  so  large  a 
factor  of  safety,  particularly  as  that 
of  a  transmission  line  when  properly 
constructed.  The  transmission  line 
conductors  are  usually  of  large  cross- 
section,  are  stranded  and  therefore 
have  an  ample  factor  of  safety,  even 
though  coated  with  ice.  The  only 
dangerous  feature,  which  first-class 
mechanical  construction  does  not  re- 
duce to  a  minimum,  occurs  then,  and  then  only,  when  the  transmis- 
sion line  comes  down  on  the  right  of  way  of  the  railroad  company 
with  the  electrical  charge  still  upon  it.     A  very  effective  method  of 
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overcoming  this  difficulty  ib  readily  suggested  by  the  accompanying 
sketch.  The  idea  is  to  place  on  each  adjacent  pole  a  grounded  me- 
tallic arm  to  reach  some  distance  out  from  the  pole  and  come  cli^se 
up  underneath  the  wires  of  the  transmission  line  in  such  a  manner 
that  should  a  wire  break  at  the  right  of  way,  or  should  it  suddenly 
sag,  it  will  come  in  contact  with  the  metal  arm  and  be  thereby 
grounded. 

In  order  to  obtain  the  best  mechanical  construction,  it  would 
be  well  to  adopt  the  following  specifications  covering-  the  span 
which  crosses  the  railroad  right  of  way  as  well  as  the  three  or  four 
adjacent  spans  on  either  side. 

1st.  The  distance  from  the  top  of  the  rail  to  the  lowest  point 
of  the  transmission  line  shall  in  no  case  be  less  than  30  feet.  This 
specification  need  only  apply  to  the  right  of  way  spans  and  need 
not  necessarily  apply  to  the  adjacent  spans. 

2d.  In  no  case  shall  the  size  of  the  conductor  which  crosses 
the  right  of  way  be  less  than  i-io  inch  in  cross-section. 

3d.  The  form  of  the  conductor  shall  be  that  of  a  stranded  ca- 
ble, the  number  of  strands  being  at  least  19. 

4th.  Only  sound  poles  shall  be  used  in  this  construction  and 
they  shall  have  a  top  diameter  of  at  least  9  inches. 

5th.  The  two  poles  adjacent  to  the  right  of  way  shall  be 
braced  in  such  a  way  as  to  make  it  impossible  for  them  to  fall  to- 
ward the  tracks. 

6th.  Two  poles  adjacent  to  the  right  of  way  shall  be  provided 
with  double  cross  arms  and  the  transmission  lines  fastened  to  the- 
insulators  in  such  a  way  that  it  will  be  impossible  for  the  trans- 
mission line  to  slip  through. 

The  proper  way  to  handle  this  problem,  therefore,  is  to  insist 
upon  first-class  mechanical  construction  of  the  pole  line  at  the  point 
where  it  crosses  the  railroad  company's  right  of  way.  and  to  take 
the  further  precaution  of  putting  up  the  grounded  metallic  arms. 


OPERATION  OF  THE  SERIES  TRANSFORMER 

By  EDWARD  L.   WILDER 

THE  field  of  nsetulness  of  the  serie?  transformer  is  rather 
.narrow  as  compared  with  the  shunt  transformer,  and 
probably  for  this  reason  its  niethods  of  operation  are  not 
so  generally  understood. 

The  principal  difference  between  the  series  and  the  shunt 
is,  as  the  name  indicates,  in  the  connection  in  the  circuit;  the  one 
having  its  primary  in  series  with  the  line,  while  the  other  has  its 
primary  shunted  across  the  line.  The  primary  current,  then,  in 
the  series  transformer,  is  the  quantity  which  is  determined  by  the 
condition  of  the  main  circuit,  the  primary  e.m.f.  being  merely  the 
drop  across  the  transformer  due  to  it?  impedance.  In  the  shunt 
transformer,  the  primary  e.m.f.  is  the  quantity  which  is  determined 
by  the  main  circuit,  the  primary  current  being  determined  by  the 
impedance  of  the  transformer. 

Consider  the  case  of  a  series  transformer  with  its  primary  coil 
connected  in  the  line  and  its  secondary  coil  on  open-circuit.  The 
primary  current,  which  is  also  the  line  current,  will  set  up  a  mag- 
netic field  in  the  iron  of  the  transformer,  which,  by  self-induction, 
will  cause  a  certain  drop  in  voltage  across  the  primary  coil.  The 
same  magnetic  flux  will  also  cut  the  secondary  turns  and  generate 
in  them  an  e.m.f.  whose  value  is  equal  to  the  voltage  drop  across 
the  primary  coil  mtdtiplied  by  the  ratio  of  secondary  to  primar\ 
turns,  just  as  with  a  shunt  transformer.  When  the  secondary  coil 
is  open-circuited  all  of  the  primary  current  is  effective  in  producing 
flux.  i.  e.,  there  is  no  opposing  flux  as  there  is  when  there  is  a  sec- 
ondary current.  For  this  reason  the  iron  of  the  transformer  is 
worked  at  a  high  degree  of  saturation  when  the  secondary  is  open- 
circuited,  which  gives  an  abnormally  large  secondary  voltage.  In 
the  case  of  a  lo  to  3^-ampere  series  transformer,  the  test  of  which 
is  given  later,  this  secondary  voltage  was  approximately  4,000 
volts.  This  clearly  brings  out  the  reason  why  the  series  transformer 
should  never  liave  its  secondary  open-circuited  when  current  is  flow- 
ing in  the  primary. 
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Now,  suppose  the  secondary  circuit  to  be  closed  through  some 
resistance.  The  primary  current  and  magnetic  llux  are  not  changed 
but  a  secondary  current  will  begin  to  flow  in  such  a  direction  that 
the  magnetic  flux  set  up  by  it  will  oppose  the  primary  flux.  This 
will  cause  a  decrease  in  the  resultant  flux  present  in  the  iron  and 
consequently  in  the  secondary  and  primary  e.m.f's.  The  secondary 
current  will  continue  to  increase  and  the  secondary  e.m.f.  to  de- 
crease until  a  stable  condition  is  reached  where  the  secondary  e.m.f. 
is  just  great  enough  to  cause  the  secondary  current  to  continue  to 
flow.  This  adjustment  between  secondary  current  and  secondary 
e.m.f.  takes  place  instantaneously.  The  resistance  in  the  secondary 
circuit  is  low  under  ordinary  conditions  of  working,  so  that  the 
necessary  secondary  e.m.f  is  correspondingly  small  and  the  resultant 
magnetic  flux  required  to  generate  this  e.m.f  is  small. 

If  no  magnetizing  current  were  required,  the  secondary  ampere- 
turns  would  exactly  balance  the  primary  ampere-turns  and  conse- 
quently the  ratio  of  the  primary  to  the  secondary  current  would  be 
the  inverse  ratio  of  the  number  of  turns.  To  cause  the  current  to 
have  this  ratio  as  nearly  as  possible  the  iron  is  worked  at  a  low 
magnetic  density  so  that  very  little  magnetizing  force  is  required. 
The  series  transformer  is  worked  at  about  one-tenth  the  magnetic 
density  of  the  shunt  transformer,  which  is  the  reason  why  an  ordi- 
nary shunt  transformer  would  not  be  suitable  for  use  as  a  series 
transfomier. 

If  the  line  current  and,  therefore,  the  primary  current  in- 
creases, the  primary  ampere-turns  are  correspondingly  increased. 
This  leaves  a  greater  difference  between  the  primary  and  secondary 
ampere-turns.  This  causes  a  greater  magnetic  flux,  which  in  turn 
increases  the  secondary  e.m.f.,  and  as  the  secondary  current  increases 
in  response  it  reacts  upon  the  magnetic  circuit  to  decrease  the  flux. 
A  stable  condition  will  again  be  reached  when  the  secondary  e.m.f. 
is  just  sufficient  to  circulate  the  secondary  current.  The  ratio  between 
the  primary  and  secondary  currents  will  remain  practically  the 
same  as  before,  because  of  the  small  extra  magnetizing  force  nec- 
essary. There  is  a  greater  resultant  magnetizing  force  necessary 
when  the  primary  current  increases  on  account  of  the  greater  secon- 
dary e.m.f.  required  by  the  greater  secondary  current. 

A  change  in  the  secondary  resistance  causes  a  similar  change 
in  conditions;  when  the  secondary  resistance  is  increased  this  mo- 
mentarily decreases  the   secondary   current   which   allows   a   larger 
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resultant  flux,  which  in  turn  increases  the  secondary  e.m.f,  which 
increases  the  secondary  current.  When  a  stable  condition  is  reached 
there  is  a  greater  secondary  e.m.f.  and  a  slightly  less  secondary 
current.  An  increase  in  the  secondary  resistance  does  not  mean  a 
proportionate  decrease  in  the  secondary  current  as  would  be  the 
ca-^e  in  a  constant  voltage  circuit;  it  means  only  such  a  decrease  in 
the  current  that  the  resulting  increase  in  magnetic  flux  and  in 
secondary  e.m.f.  will  be  great  enough  to  circulate  the  current 
through  the  increased  resistance. 

The  fact  that  the  current  ratio  is  not  appreciably  affected  by 
changes,  within  limits,  in  the  secondary  resistance  and  primary 
current,  is  due  to  two  reasons :  first,  that  the  magnetization  through- 
out the  range  of  working  conditions  is  small ;  and,  second,  that  the 
magnetizing  current  is  not  in  phase  with  the  primary  or  the  secon- 
dary currents,  being  nearly  in  quadrature  with  both.  The  exact 
relations  of  these  quantities  may  best  be  shown  by  means  of  a  vector 
diasfram. 


FIG.    I- — VECTOR    DIAGRAM    OF    SERIES    TRANSFORMER 


In  Fig.  I,  assume  for  the  sake  of  simplicity,  a  transformer 
with  one  primary  and  one  secondary  turn.  Current  vectors  then 
will  also  represent  magnetizing  force  in  ampere-turns.  The  sec- 
ondary current  is  supposed  to  be  closed  through  a  low  resistance. 
In  Fig.  I  let  OD  represent  a  constant  primary  current.  The  pri- 
mary drop  will  be  a  little  in  advance  of  OD  and  is  represented  by  DE. 
OF  represents  the  secondary  current  which  is  nearly  i8o  degrees 
behind  OD. 

The  magnetic  force  which  sets  up  the  flux  in  the  magnetic 
circuit  is  the  resultant  of  the  primary  and  secondary  ampere-turns, 
and  will,  therefore,  be  represented  in  the  diagram  by  OC,  the  result- 
ant of  OD  and  OF. 

OC,  which  is  ordinarily  called  the  magnetizing  current  of  the 
transformer,  may  be  considered  as  broken  up  into  two  components, 
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OA  and  OB.  in  phase  and  in  quadrature  willi  the  e.ni.f.  respectively. 
OA  represents  the  current  necessary  to  supply  the  iron-losses  and 
OB  represents  the  true  magnetizing  current. 

From  the  figure  it  is  evident  that  the  principal  efTect  of  the 
iron-loss  is  to  change  the  current  ratio,  while  the  principal  effect  of 
the  true  magnetizing  current  is  to  shift  the  phase  position  of  the 
secondary  current. 

This  furnishes  the  explanation  of  the  fact  that  if  the  primary 
current  is  increased  or  the  secondary  resistance  increased  the  current 
ratio  is  affected,  lloth  of  the  changes  result  in  an  increased  sec- 
ondary e.m.f.,  which  requires  a  greater  flux.  This  causes  a  greater 
iron-loss  as  well  as  necessitating  a  greater  magnetizing  current, 
both  of  which  change  the  current  ratio. 


To  Power 


Ammeter 

FIG.    2 CONNECTIONS    FOR    SERIES    TRANSFORMER    TEST 

As  an  illustration  of  the  relative  magnitudes  of  the  quantities 
involved  in  Fig  i,  the  results  of  the  test  of  lo  to  yi-ampere 
series  transformer  are  given.  The  diagram  of  connections  is  given 
in  Fig.  2.  With  the  secondary  on  open-current,  the  primary 
current  and  watts  were  observed  for  various  values  of  secondary 
voltage,  which  were  read  by  means  of  an  electrostatic  voltmeter. 
What  was  measured,  then,  was  the  magnetizing  current  and  its 
energy  component,  OC  and  OA  in  Fig.  i.  The  results  of  the  tests 
are  shown  in  Fig.  3.  Assuming  full-load  current  in  the  primary. 
the  secondary  current  may  be  determined  for  any  given  secondary 
resistance  by  calculating  what  secondary  voltage  is  necessary  to  give 
one-half  an  ampere  with  this  resistance,  finding  the  corresponding 
magnetizing  current,  and  making  a  construction  similar  to 'Fig.  i. 
The  primary  voltage  and  current  may  be  considered  to  be  in  phase 
as  they  differ  in  this  case  by  only  a  fraction  of  one  degree.  If  in  any 
case  the  secondary  current  differs  much  from  the  assumed  value  of 
one-half  ampere,  the  secondary  voltage  may  be  corrected  accordingly 
and  another  construction  made. 
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FIG.    3 IRON-LOSS    .\ND    S.\TURATION    TEST    OF    A    SERIES    TRANSFORMER 

The  following-  table  was  calculated  in  the  manner  indicated. 
Ten  to  one-half  ampere  series  transformer,  6o  cycles. 
Secondary  internal  resistance  lOO  ohms. 


Secondary  External                   Primary  Current 
Resistance  in  Ohms                             Amperes 

Secondary  Current 

Amperes 

o                                                  lo 
loo                                                lo 

200                                                                 lO 

300                                                10 
400                                                10 
500                                                10 

•498 
•489 
.480 

•474 
.467 
.461 

Idiis  transformer  was  designed  for  a  high  \ariable  sccnnclary 
resistance,  the  maximum  resistance  being  400  ohms.  This  is  an 
imusually  severe  condition  to  meet,  series  transformers  ordinarily 
working  with  about  10  ohms  secondary  resistance. 


SOME  EXPERIENCES  IN  BALLOONING 

By  R.   WIKANDER 
A  Lecture  Deliverea  before  tlie  ELECTRIC  Club 

AERIAL  NAVIGATION  has  long  been  a  fascinating  prob- 
lem, for  which  innumerable  solutions  have  been  proposed. 
Some  inventors  have  designed  machines  heavier  than  air, 
using  wings  or  propellers  to  produce  movement  in  both  vertical  and 
horizontal  directions  in  a  manner  similar  to  the  flying  of  birds,  while 
others,  imitating  the  swimming  of  fish,  have  designed  apparatus 
lighter  than  air. 

Though  many  inventors  have  constructed  flying  machines 
which  exactly  imitate  the  movements  of  the  birds,  no  apparatus  yet 
built  on  that  principle  has  given  satisfactory  results,  and  of  appara- 
tus lighter  than  air,  the  balloon  up  to  the  present  day  is  the  only 
one  which  can  be  operated  with  any  degree  of  reliability. 

I  propose  in  this  paper  to  give  some  account  of  what  has  been 
done  in  ballooning,  to  recount  some  of  my  own  observations  and 
experiences,  and  in  particular  to  recount  a  most  thrilling  escape. 

The  balloon  was  invented  in  the  year  1783  by  two  brothers, 
Joseph  and  Etienne  Montgolfier,  at  Annonay,  France.  They  used 
hot  air  as  the  lifting  power  and  kept  the  interior  of  the  balloon  warm 
by  a  fire  suspended  underneath.  The  same  year,  Charles,  Professor 
of  Natural  Science  in  Paris,  designed  a  balloon  to  be  filled  with 
hydrogen,  or  any  gas  lighter  than  air.  With  balloons  of  this  design 
thousands  of  ascensions  have  been  made,  and  yet  to-day,  120  years 
after  Charles  designed  his  balloon,  it  is  still  the  standard  type. 

It  consists  of  a  large  spherical  gas-bag,  made  of  a  material  more 
or  less  airtight,  and  to  be  filled  with  hydrogen  or  coal-gas.  This 
bag  is  completely  enclosed  in  a  network,  which  in  turn  supports  the 
car.  Near  the  top  of  the  bag  is  a  valve  allowing  the  gas  to  escape 
whenever  this  is  desirable.  At  the  bottom  an  elongation  called  the 
appendix,  through  which  the  balloon  is  filled,  is  left  open  to  act  as  a 
safety  valve.  Through  this  appendix  the  gas  escapes  when  the 
pressure  increases  too  much  in  the  interior. 

During  the  past  120  years  it  has  been  discovered  how  to  make 
better  cotton  and  silk  fabric  and  better  varnishes ;  also  stronger  and 
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lighter  ropes,  and  nicer  wicker-work  for  the  cars;  btit  the  design  of 
aerostat  that  an}-  balloonmaker  will  propose  is  still  the  same  as  in  the 
days  of  Charles.  The  great  number  of  aeronautical  inventions  made 
since  that  time  refer  almost  entii'ely 
to  the  steerable  balloons,  and  it  is 
astonishing  that  the  simple  balloon, 
with  all  its  weak  points,  was  not  im- 
proved upon  to  any  considerable  de- 
gree until  a  few  years  ago,  Vv^hen 
the  Swedish  captain,  Eric  Unge,  in-/ 
vented  a  balloon  which  embodied 
some  radical  improvements.  The  aim 
of  Captain  Unge  was  to  design  a 
balloon  that  should  be  safer  and  able 
to  float  in  the  atmosphere  for  a  con- 
siderably longer  time  than  the  ordin- 
ary type.  It  is  a  striking  fact  that 
no  aeronaut  has  ever  been  able  to 
keep  his  balloon  floating  in  the  air 
more  than  36  hovirs,  though  it  is 
quite  possible  to  carry  a  quantity  of 
ballast  corresponding  to  the  losses 
through  leakage  of  the  gas  for  more 
than  a  month.  The  reasons  that  or- 
dinary balloons  lose  their  buoyancy 
so  rapidly  are  as  follows : 

(i)      Changes   in   the    teuipcra- 
ture   of  the  gas,  principally   due   to  the  influence  of  the  sun. 

(2)  Moisture  in  the  atmosphere,  especially  rain. 

(3)  Sudden  niozrmenfs  in  a  vertical  direction. 

(4)  The  open  appendix. 

( 5 )  The  leakage  through  the  bag.  especially  through  the  seam^. 
All   of  these  losses  are  diminished   by  the  design  of  Captain 

Unge.  The  body  of  the  balloon  consists  of  plane,  cylindrical  and 
conical  surfaces,  made  by  long  and  wide  pieces  of  cloth,  so  that 
the  lengths  of  the  joints  and  the  corresponding  leakage  is  reduced 
about  75  per  cent.  (Andres'  balloon  had  about  ten  miles  of  seam.s.) 
One  section  of  about  thirty  square  feet  in  the  top  cone  is  merely 
cemented  so  that  it  can  be  readily  torn  off  by  means  of  a  cord  run- 
ning down  to  the  car.     This  allows  the  balloon  to  empty. 
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Jn  order  to  prevent  a  rapid  descent  of  the  balloon,  in  case  of  an 
accident,  the  car  is  suspended  by  ropes  attaclied  to  a  special  width  of 
a  very  strong-  canvas,  which  runs  around  the  base  of  the  cylinder. 
With  this  arrangement,  the  bottom  of  the  bag'  forms  a  parachute 
which  at  once  opens  with  rapid  descent. 

A  safety  valve  is  located  near  the  bottom  of  the  gas  cvlindcr 
through  which  the  gas  escapes  if  the  interior  pressure  should  become 
too  great.  This  allows  the  appendix  to  be  kept  closed.  The  dia- 
gram shows;  this  balloon  provided  with  a  protecting  tent  of  white, 
waterproof  muslin.  This  tent  is  held  about  one  foot  from  the  gas 
bag,  by  means  of  air-chambers.  At  the  top  of  the  tent  there  is  a 
valve  which  can  be  closed  or  opened  from  the  car.  The  maneuver- 
ing valve  is  located  in  the  side  of  the  cylinder  near  the  top. 

Comparing  this  design  with  that  of  the  ordinary  balloon  il  will 
be  seen  how  the  diflferent  losses  are  decreased. 

( i)  The  temperature  changes  of  the  gas.  principally  those  due 
to  the  influence  of  the  sun.  are  the  most  important  causes  of  the  gas 
and  ballast  losses.  If  the  sun  is  shining  on  a  balloon  floating  in  the 
air,  it  raises  the  temperature  of  the  bag  and  of  the  gas  considerably 
above  that  of  the  surrounding  air.  Differences  of  more  than  60  de- 
grees C.  have  been  recorded.  This  may  correspond  to  an  increase 
of  20  per  cent,  in  the  lifting  power  of  the  gas.  In  order  to  maintain 
equilibrium,  the  same  per  cent,  of  gas  must  be  allowed  to  escape. 
When  night  comes,  the  gas  cools,  taking  the  temperature  of  tlie  sur- 
rounding air  or  a  slightly  lower  one,  and  it  is  necessary  to  throw  out 
a  quantity  of  ballast,  corresponding  to  the  decrease  in  lifting  power 
of  the  gas.  This  is  repeated  in  a  less  prominent  degree  each  time 
the  balloon  is  subjected  to  temperature  changes,  as  when  a  cloud 
passes  over  the  sun  or  when  the  balloon  passes  over  an  open  field  to 
a  forest,  which  latter  does  not  reflect  so  much  heat  as  the  field. 

With  the  Unge  design,  the  protecting  tent  is  made  of  shining 
white  rainproof  muslin,  which  reflects  the  sun's  rays.  What  heat  is 
absorbed  by  the  tent  will  first  warm  the  air  between  the  tent  and  the 
gas-bag  and  the  air  will  ascend  and  escape  through  the  valve  at  the 
top  of  the  tent,  while  the  surrounding  cold  air  enters  at  the  bottom. 
If  in  such  a  case  it  should  be  desired  to  raise  the  balloon,  this  can  be 
done  simply  by  closing  the  air  valve  at  the  top,  retaining  this  heat 
in  the  balloon.  In  the  case  of  the  ordinary  balloon,  the  rain  will 
make  the  net  work  and  the  gas-bag  wet  and  heavy.  To  compensate 
for  this  added  weight  a  considerable  amount  of  ballast  must  l)e  sac- 
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rificed,  often  as  much  as  200  pounds  for  a  balloon  of  medium  size. 

With  the  Unge  balloon,  the  rain  will  run  off  from  the  conical 
top  and  accumulate  in  a  gutter  which  is  provided  with  many  pro- 
jecting rain  spouts.  Practically  no  rain  will  fall  on  the  sides  of  the 
tent,  as  the  balloon  moves  horizontally  at  the  same  speed  as  the 
wind.  The  ballast  losses  through  rain  will  therefore  be  greatly 
diminished. 

The  author  made  the  acquaintance  of  the  late  Captain  Unge  in 
Paris  at  the  time  of  the  Aeronautical  Congress  in  1900  and  soon 
afterward  became  his  assistant  in  working  out  several  aerial  inven- 
tions. The  first  of  them  was  the  balloon  above  described.  As  soon 
as  it  was  patented,  we  went  to  Stockholm,  where  the  Captain  de- 
livered a  lecture  on  his  balloon  before  the  Aeronautical  Society  of 
Sweden.  Two  weeks  afterwards  that  society  ordered  the  first  bal- 
loon of  this  type.  The  author  was  charged  with  its  construction  and 
built  the  balloon  at  the  Continental  Caoutchouc  and  Guttapercha 
Company  at  Hanover.  The  gas-bag  was  made  of  double  cotton 
fabric,  covered  and  cemented  with  ten  layers  of  finest  para  rubber 
solution.  The  tent  was  made  of  shining  white  rainproof  muslin.  In 
two  months  the  balloon  was  ready  and  in  July,  1902,  I  brought  it  to 
Stockholm.  Six  days  later  the  first  ascension  was  made  by  Captain 
Unge  and  two  members  of  the  Aeronautical  Society.  The  filling 
and  the  starting  presented  no  difficulties.  The  balloon  took  its  way 
out  over  the  Baltic,  much  to  the  surprise  of  all  spectators. 

Two  days  later  a  telegram  announced  its  safe  landing  in  Russia, 
not  far  from  Old  Novgorod.  The  crossing  of  the  Baltic  was  made 
without  mishap  and  the  ballast  losses  were  exceedingly  small.  The 
aeronauts  decided  to  descend  after  24  hours,  the  weather  being  very 
foggy,  and  their  exact  location  uncertain,  though  they  supposed 
themselves  moving  toward  the  northern  part  of  Russia.  The  de- 
scent was  made  in  a  forest  without  accident,  though  the  wind  was 
very  strong. 

After  two  weeks,  the  balloon  was  brought  back  and  at  once 
preparations  were  begun  for  a  second  trip.  This  time  Captain  Unge 
and  mvself  were  the  only  passengers.  A  great  crowd  assembled  to 
see  the  start  and  even  our  old  King  came  down  to  wish  us  good  luck. 
The  wind  was  very  light,  the  sky  clear,  and  more  delightful  wcather 
could  n<it  have  been  desired. 

At  4 130  p.  m.  we  left  the  ground  with  a  ratlur  great  ascen- 
sional  power;    at    first    slowly,    then    faster   .-iml    faster,    up    into    a 
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brilliant  sunlight.  A  view  splendid  beyond  description  presented  it- 
self. Sport  Park,  from  which  we  had  started,  appeared  smaller  and 
smaller.  Stockholm,  the  \'enice  of  the  North,  with  its  harbor  and 
many  islands  lay  underneath.  To  the  east  was  the  Skargrard,  with 
its  thousands  of  islands  filling  the  water-ways  from  the  Baltic  to 
Stockholm.  To  the  west  the  beautiful  Lake  Malar,  with  its  many 
bays  and  islands.  Immediately  I  set  about  to  take  a  picture,  but  had 
hardly  begun  to  adjust  my  camera  when  Captain  Unge,  who  was 
maneuvering  the  balloon,  suggested  that  I  put  up  my  camera  and 
pay  attention  to  the  balloon.  The  gas-bag,  which  at  the  start  was 
only  filled  to  about  95  per  cent,  and  closed  at  the  bottom,  filled  itself 
more  and  more,  indicating  that  we  were  ascending  rapidly.  Some 
gas  was  allowed  to  escape,  nevertheless  we  continued  ascending,  the 
bag  filling  more  and  more.  Scon  the  gas  came  down  in  the  appen- 
dix. I  went  up  in  the  ring  and  opened  it,  the  gas  escaping  with 
greater  velocity.  We  were  now  over  a  mile  above  Stockholm,  when 
suddenly  the  appendix  became  flat  and  empty.  The  balloon  had  ex- 
ploded in  plain  sight  of  the  whole  city.  I  went  down  in  the  car 
while  the  balloon  fell  some  hundred  feet.  We  loosened  the  ballast. 
Then  I  looked  up  and  saw  how  the  bottom  of  the  gas-bag  had 
formed  an  ideal  parachute  as  had  been  intended,  but  we  were  de- 
scending rapidly.  Looking  down  we  saw  the  many  islands  in  and 
around  Stockholm  as  a  great  number  of  black  spots,  the  size  of 
which  increased  even  as  we  looked  upon  them.  The  sensation  was 
much  as  if  the  balloon  were  stationary  and  the  earth  coming  nearer — 
as  if  everything  was  growing  larger  and  larger. 

Then  a  big  island  came  rushing  toward  us  with  increasing 
speed.  At  first  it  appeared  to  be  a  flat  surface  covered  with  moss,, 
then  the  moss  became  a  bush,  the  bushes  grew  into  trees  and  from 
the  middle  of  the  island  a  mountain  arose.  The  mountain  and  the 
trees  grew  larger  and  larger  and  soon  we  saw  them  at  a  distance  of 
about  200  feet  rapidly  approaching.  I  went  up  in  the  ring  in  order 
to  let  the  car  take  the  first  shock.  The  captain  held  the  ladder  in  his 
hand,  but  did  not  mount.  When  I  was  half  way  up  I  heard  a  great 
crash  as  the  car  broke  through  the  branches  of  the  trees,  and  an 
instant  later  stopped  on  a  rock.  I  came  down  from  the  ring,  I  don't 
know  how,  but  found  myself  on  the  ground  a  few  yards  from  the 
car.  I  was  rather  surprised  not  to  have  broken  any  bones  nor  to  have 
been  otherwise  injured.  Going  to  the  car,  I  found  it  thrown  on  one 
side.     The  Captain,  ^\■ith  all  our  stores,  was  lying  at  the  bottom  of 
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the  car,  but  quite  uninjured.  In  a  short  time  the  forest  was  crowded 
with  people.  One  of  the  first  who  welcomed  us  back  was  an  Amer- 
ican reporter,  who  said:  "iMr.  Wikander,  may  I  grasp  your  hand! 
I  am  going  to  cable  to  America ;  tell  me  all  about  it." 

The  great  drawback  of  the  simple  balloon  is  that  it  must  follow 
the  winds.  This,  however,  will  not  be  such  a  great  inconvenience 
when  we  know  more  about  the  air  currents  at  different  heights.  It 
is  a  fact  that  the  direction  of  the  wind  changes  considerably  with  the 
altitude  to  a  certain  degree. 

In  order  to  secure  perfect  control  of  the  balloon  it  is,  however, 
necessary  to  provide  it  with  motor-driven  propellers,  wings,  or  som.e 
means  of  propulsion.  The  first  successful  balloon  of  this  type  was 
built  20  years  ago  by  the  French  officers,  Renard  and  Krebs,  at 
Chalais.  near  Paris.  Their  balloon  had  a  cigar-shaped  gas-bag  sup- 
porting a  long  car,  equipped  with  a  storage  battery,  an  electric  motor 
and  a  propeller.  With  this  balloon  seven  trips  were  made.  On  five 
of  these  the  balloon  returned  to  the  starting  point  without  mishaps. 
On  one  trip  the  motor  broke  down,  and  once  the  wind  was  stronger 
than  the  propelling  power  of  the  balloon.  The  highest  speed  at- 
tained by  this  balloon  was  14^  miles  an  hour  in  a  calm. 

A  few  years  ago  a  German,  Count  Zeppelin,  built  a  great  cylin- 
drical balloon.  The  main  body  was  a  rigid  framework  holding  17 
silk  balloons.  To  give  it  a  smooth  surface  the  whole  balloon  was 
covered  with  muslin.  This  balloon  had  the  bulk  of  a  trans-Atlantic 
steamer,  and  held  about  300,000  cubic  feet  of  hydrogen.  It  made 
several  ascensions  with  fairly  good  results  attaining  a  maximum 
speed  of  about  18  miles  per  hour.  Since  1897  ^  Brazilian,  Mr.  San- 
tos-Dumont,  has  made  experiments  in  Paris  with  several  dirigible 
balloons.  With  these  he  has  made  many  trips  around  Paris  in  fair 
weather,  and  with  one  of  them  he  won  the  prize  Deutsch  of  100,000 
francs.  The  greatest  speed  he  has  obtained  is  about  181/2  miles  per 
hour.  The  best  results  ever  obtained  with  dirigible  balloons  must, 
however,  be  credited  to  the  balloon  of  the  Lebaudy  brothers,  two 
French  millionaires.  The  general  plan  of  the  balloon  does  not  differ 
verv  much  from  the  design  of  Renard  and  Santos-Dumont,  but  it 
shows  several  interesting  details.  The  whole  makes  the  impression 
of  skillful  mechanical  design.  The  maximum  speed  obtained  is  2^ 
miles  per  hour,  and  the  greatest  distance  is  about  62  miles.  Twenty- 
nine  ascensions  have  been  made. 


POWER-FACTOR  METERS  AND 
THEIR  APPLICATION 

By  PAUL  MacGAHAN 

IX  the  July  number  of  The  Electric  Club  Journal  there  ap- 
peared a  contribution  on  the  subject  of  connections  of  power- 
factor  meters,  which  has  brought  out  requests  for  fuller  in- 
formation concerning  this  interesting  instrument. 

The  demand  has  long  been  insistent  for  a  simple,  direct-reading 
instrument  which  would  indicate  on  a  dial  the  power-factor  of  the 
circuit  to  which  it  is  connected  in  as  satisfactory  a  manner  as  an 
ammeter  indicates  the  amperes.  Though  many  different  arrange- 
ments have  been  proposed,  especially  in  Europe,  all  of  them  have 
been  laboratory  devices  not  suitable  for  commercial  work  or  for  use 
on  a  power  plant  switchboard. 

In  operating  alternators  or 
rotary  converters  in  parallel,  a 
power-factor  meter  enables  the 
attendant  to  divide  the  load  prop- 
erly between  the  units,  or  to  ad- 
just the  field  current  so  as  to  ob- 
tain the  maximum  power-factor 
in  the  line  and  thus  the  lowest 
possible  line  loss.  In  an  indus- 
trial plant  using  induction 
motors,  the  power-factor  meter 
will  indicate  whether  the  motors 
are  being  used  under  the  best 
conditions  of  load,  and  the  rela- 
tive power-factors  of  different  motors. 

It  is  often  found,  in  switchboard  design,  that  one  power-factor 
meter  can  be  used  to  advantage  instead  of  two  or  three  ammeters, 
and  in  connection  with  a  wattmeter  give  all  the  quantities  it  is 
necessary  to  know.  The  number  of  instruments  on  the  panel  can 
thus  be  reduced. 

The  power-factor  meter  is  unique  among  instruments  in  that 
it  does  not  indicate  a  quantity  in  the  ordinary  sense,  but  an  angle. 


SWITCHBOARD     TYPE     OF     POWER- 
FACTOR     METER 
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Thus  it  has  no  "controlHng  force"  such  as  a  spring,  or  a  weight, 
but  the  pointer  varies  its  position  with  the  angle  between  the  cur- 
rent and  the  vohage,  throughout 
the  circumference  of  the  scale. 

The  scale  is  marked  in  co- 
sines of  the  angle  between  the 
points  so  marked  and  the  verti- 
cal. This  is  shown  by  Fig.  i. 
The  principle  and  construc- 
tion of  the  instrument  is  as  fol- 
lows : 

A^  and  J/,    Fig.    2,    are    two 
coils  arranged  at  right  angles  to 
^^'^'  ~  one  another.  Through  the  coil  N 

passes  a  current  which  is  in  phase  with  the  current  of  one  phase 
of  the  circuit  to  be  measured.  Through  the  coil  M  passes  a  current 
which  is  90  degrees  out  of  phase  with  that  in  coil  N.  With  a  two- 
phase  circuit  the  coil  .Y  would  be  connected  to  one  phase  and  the 
coil  M  to  the  other.  In  a  three-phase  circuit,  three  coils  would  be 
used,  one  to  be  connected  to  each  phase.  As  the  current  in  coil  A^ 
will  be  maximum  when  that  in  coil  M  is  zero,  and  vice  versa,  the 
field  produced  by  these  two  coils  will  rotate  with  a  speed  which 
depends  upon  the  frequency  of  the  circuit  to  which  they  are  con- 
nected. A  small  coil  C  is  pivoted 
so  that  it  can  rotate  and  thus 
bring  its  axis  in  a  line  with  coil 
A''  or  M.  Through  this  small  coil 
passes  a  current  in  phase  with 
the  voltage  of  one  phase  of  the 
circuit  which  is  to  be  measured. 
In  the  direction  0-M  the 
field  will  be  zero  when  the  cur- 
rent in  the  coil  N  is  zero,  and  in 
the  direction  0-N  the  field  will 
be  zero  when  the  current  in  coil 
A'  is  maximum.  Thus  between 
these  two  points  a  zero  field  can  "'  '^ 

be  found  at  any  time  between  the  maximum  and  zero  of  the  cur- 
rciit  in  the  coil  A'. 

•As  the  small  coil  C  will  be  attracted  or  repelled  by  the  field  of 
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the  coils  N  and  M  it  will  take  uj)  a  position  in  which  its  zero  field 
will  occtn-  at  the  same  time  as  the  zero  of  the  rotating  field.  Thus, 
if  the  current  in  coil  C  is  in  phase  with  the  current  of  the  coil  A'  it 
will  take  up  a  position  with  its  axis  in  the  line  OM,  while  if  the  ciu-- 
rent  in  coil  C  is  at  quadrature  with  the  current  of  the  coil  A'  it  will 
take  \\\)  a  position  with  its  axis  in  the  line  ON ,  and  for  any  phase 
relation  between  these  two  it  will  take  up  the  corresponding-  posi- 
tion between  ON  and  OM.  This  may  be  shown  graphically  as 
follows : 

In  Fig.  3.  OM  is  the  field  which  rotates  around  in  the  plane 
NMP.     The  small  movable  coil  is  in  the  plane  NP.     Its  field  will 
therefore  be  in  the  direction  OM.     Its  phase  will  coincide  with  that 
of  the  rotating  field  in  the  direction  0-1/  when  the  current  in  this 
^^  coil  is  in  phase  with  that  in  the 

coil  N.  Should  the  current  in 
the  coil  C  be  shifted  in  phase  an 
amount  MR  its  phase  will  coin- 
cide with  that  of  the  rotating 
field  at  OR  while  it'^  direction 
will    remain    in    the    line    0}L 

U'ig"-  4-) 

When  the  field  is  rotating 
from  ON  to  OM  there  will  be 
a  pull  on  the  movable  coil  C 
tending  to  rotate  it  in  the  direc- 
tion 0.1/  to  OA^  During  the  ro- 
tation from  M  to  P  there  will  be 
a  pull  on  the  coil  in  the  opposite  direction.  This  pull  will  be  pro- 
portional to  the  product  of  the  strength  of  the  rotating  field  in  the 
direction  OA'  or  OP,  and  that  of  the  field  due  to  coil  C  in  the  di- 
rection 0.1/.  The  total  pull  between  the  time  A^  and  P  will  there- 
fore be  proportional  to  the  area  of  a  circle  with  a  diameter  equal  to 
OM ,  and  with  its  center  on  the  line  OM.  The  pull  in  the  direction 
MN  being  jiroportional  to  the  area  of  that  part  of  the  circle  which 
is  above  the  line  representing  the  phase  of  the  rotating  field  which 
coincides  with  that  of  the  coil  C  and  the  pull  in  the  direction  J/P 
will  be  proportional  to  the  area  of  that  ])art  of  the  circle  which  is 
below  this  line. 

In  Fig.  3  is  shown  the  condition  in  which  the  current  in  the 
r.  ,;i  r  ic  in  phase  with  the  current  of  the  coil  A'.     The  phase  of  the 
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FIG.    5 PORTABLE    TYPE    OF    POWER-FACTOR    METER 


coil  C  coincides  with  that  of  the  rotating  field  in  the  direction  OM. 
Areas  above  and  below  the  line  OM  are  equal,  and  therefore  the 
resultant  pull  on  the  coil  C  will  be  zero. 

In  Fig-.  4  tlie 
current  in  coil  C  is 
shifted  in  phase  an 
amount  MR.  The 
phase  of  tlie  cur- 
rent in  coil  C  will 
thus  correspond 
with  that  of  the  ro- 
tating field  in  the 
direction  OR.  As 
the  area  of  the  cir- 
cle above  OR  is 
greater  than  that 
below  there  will  be 
a  resultant  pull  on 
the  coil  C  which 
will  tend  to  make  the  lines  0.1/  and  OR  coincide,  thus  moving  the 
coil  through  an  angle  0^I  when  the  pull  will  again  become  zero. 

The  movable  coil  C  will  thus  shift  around  to  a  position  which 
corresponds  to  the  angle  between  the  current  in  coils  .V  and  C. 
Therefore,  if  a  pointer  were  attached  to  this  coil  and  moved  over  a 
scale  graduated  in  degrees  it  would  show  the  difl""erence  in  degree? 
between  the  phase  of  these  two  currents.  As  actually  construct- 
ed in  this  instrument  the 
coil  C  is  replaced  by  a 
movable  piece  of  iron,  this 
iron  being  magnetized  by  a 
stationary  coil  in  a  manner 
similar  to  the  field  in  an 
inductor-type  g  e  n  e  rator. 
This  movable  piece  of  iron 
performs  the  same  func- 
tions as  the  movable  coil 
and  obviates  the  necessity 
of  carrying  current  to  n 
moving  coil,  thus  simplify- 
ing the  construction  of  the 
instrument. 


FIG.    6 
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Owing  to  the  hysteresis  losses  in  the  movable  iron  needle,  there 

is  a  tendency  to  rotation,  produced  by  the  rotary  effect  of  the  poly- 
phase windings.     The  field  ^ 

of  the  voltage  coil  prevents 

this,    for   the    reasons   pic- 

viously  explained,  but  when 

the    voltage    binding   posts 

are  disconnected,  and  there 

is  sufficient  current  in  the 

field   circuits   connected  to 

the    lower    binding    posts, 

the   pointer    rotates.      This 

etYect   is   taken    advantage 

of  to  check  the  connections 

of    the    instrument,    for    if 

the    currents    supplied    are 

not    of    the    proper    phase  ^^^'  ' 

relation,  the  pointer  will  either  revolve  in  the  wrong  direction  or 

will  not  revolve  at  all. 

In  the  following  diagrams  the  external  field  coils  are  shown 

diagramatically  120  degrees  apart. 

If  the  ''progression  of  the  phases'"  in  tlic  lines  is  in  the  order 

A,  B,  C,  and  they  are  connected  to  the  coils  as  shown  in  Fig.  6,  the 

rotation  will  be  in  the  direction  indicated  by  the  arrow.  If,  how- 
ever, the  phases  are  connected  to  the  coils  as  shown 
in  Fig.  7  (a  pair  of  binding  posts  being  reversed)  the 
rotation  will  be  in  the  opposite  direction. 

Two  series  transformers  being  used,  and  their 
currents  combined  to  form  the  third  phase,  a  reversal 
of  one  series  transformer  will  combine  the  currents 
according  to  Fig.  8,  instead  of  Fig.  9,  and  the  re- 
sultant current  C  will  be  8.67  amperes  instead  of  5 
amperes,  when  the  currents  in  the  secondaries  of  the 
transformers  are  5  amperes. 

In  this  case  no  rotation  of  the  pointer  will  take 
place. 

From  the  above  discussion  it  will  be  appreciated 
how  important  it  is  to  have  the  connections  as  shown 
in  the  diagrams  and   the  coils  within   the  instrument 

supplied  with   currents  of  the  proper  phase  displacement. 
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When  the  top  binding  posts  are  disconnected  and  there  is  cur- 
rent of  at  least  one-half  full  load  in  the  series  transfonrers,  the 
pointer  should  rotate  iri  the  lead  direction.  If  it  rotates  in  the 
lag     direction,     the     leads  a 

running  to  the  lower  left- 
hand  binding  posts  should 
be  reversed.  On  a  two- 
phase  circuit  the  reversal 
should  be  made  at  the  series 
transformer  shown  on  the 
left  of  the  diagram.  On  a 
three-phase  circuit  the  lead 
should  be  reversed  at  the 
meter  by  connecting  the 
common  wire  from  the  two 
series  transformers  to  the 
left-hand  binding  post,  and 
the  single  wire  from  the 
series  transformer  on  the  left  to  the  middle  post.  Then  the  shunt 
circuit  to  the  upper  binding  posts  should  be  connected  as  shown 
This  shunt  connection  should  be  made  to  the  phase  wdiich  is  con- 
nected through  the  series  transformer  to  the  right-hand  side  of  the 
meter.     Should  it  be  necessary  to  reverse  the  series  connection  of 

the    meter    on    three-phase 
"■^"'   '    ■'  -  "■ '         circuits  from  that  shown  on 


FIG.    9 
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FIG.    10 PORTABLE   POWER-FACTOR   METER 

CONNECTIONS    FOR   A  TWO-PHASE   CIRCUIT 


^^^^M^^Mit  the  diagram  in  order  to  ob- 
tam  proper  rotation,  the 
shunt  wire  which  is  sliown 
connected  to  the  wire  of  the 
circuit  having  no  series 
transformer  s  h  o  n  1  d  be 
changed  to  the  wire  which 
is  connected  through  the 
series  transformer  to  tlie, 
left-hand  side  of  the  meter. 
The  upper  half  of  the  scale 
indicates  for  power  deliv- 
ered from  alternating-cur- 
rent lines  to  the  motor  or 
converter,    and    the    lower 
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half,  power  returned  to  the  Hues.  Should  the  pointer  indicate  the 
reverse  of  that  given  above,  the  coimection.  at  the  upper  hindino^ 
posts  should  be  reversed. 

The  slii^ht  variation  of  this  rotrry  effect  with  the  frequency  is 
the  only  frequency  error  to  which  the  instrument  is  liable. 

The  instrument  attains  its  higliest  accuracy  when  the  current 
in  th.c  current  coils  is  from  3  to  5  amperes,  and  the  voltag'e  on  the 
voltage  coil  from  75  percent  to  125  percent  of  the  normal.  Series 
and  voltage  transformers  should  therefore  be  of  such  a  capacity  as 
to  give  secondary  values  within  the  above  limits  as  nearly  as  possi- 
ble. Thev  mav  be  either  of  the  ordinary  switchboard  or  tlie  porta- 
ble type. 


DC~^ — 


FIG.    II POKTABLE    POWER-F.ACTOR    METER 

CONNECTIONS    FOR    A    THREE-PHASE    CIRCUIT 


Within  the  above  lim-  _"'  s;'rif,'TrinV 
its  the  instrument  will  in-  =--^^^vVVV  . 
dicate  the  true  power- 
factor,  within  an  error  re])- 
resented  b\'  an  an^^le  of 
two  degrees  deflection  of 
the  pointer  from  the  true 
indication. 

An  ordinary  imbalanc- 
ing  of  the  load  on  the 
phases  has  practically  no 
eft'ect  upon  the  readings ;  a 
violent  unbalancing,  how- 
ever, should  be  guarded 
against  in  taking  very  accurate  measurements. 

The  instrument  measures  the  average  angle  of  lag  of  the 
phases,  ami  indicates  the  cosine  of  this  angle;  this  is  slightly  differ- 
ent from  the  average  power- factor  of  the  circuit,  but  the  dift'ercnce 
is  so  small  as  to  be  negligible.  Hence  the  instrument  indicates  a 
power  factor  based  upon  the  average  angle  between  currents  and 
voltages  in  the  polyphase  circuit. 

It  should  be  noted,  however,  that  the  inic  poivcr-facfor  is  by 
definition  the  ratio  between  the  real  and  the  apparent  watts  as  ob- 
tained from  the  ammeter,  voltmeter  and  wattmeter  readings,  and  not 
in  all  cases  the  cosine  of  the  angle  between  the  current  and  the 
voltage.  When  the  waves  are  badly  distorted  the  angle  between 
the  current  wave  and  the  voltage  wave  may  be  zero  degrees,  but  stili 
the  power-factor  may  be  less  than  luiity. 
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When  the  left-hand  binding  post  is  disconnected  the  rotary  ef- 
fect disappears  and  the  pointer  therefore  moves  back  sHghtly  in  a 
direction  opposite  to  that  of  the  rotation.  This  is  made  to  serve  as 
an  index  of  whether  the  instrument,  has  changed  its  caHbration,  for 
this  resting  point  is  marked  on  the  scale  in  red  ink  during  calibra- 
tion, and,  therefore,  if  the  meter  is  still  correct  in  calibration,  the 
pointer  will  come  to  rest  at  this  mark  with  current  and  voltage  on 
and  the  left-hand  binding  post  disconnected.  Should  the  pointer  not 
come  to  rest  here,  it  should  be  shifted  on  the  shaft  until  it  does. 
Great  care  should  be  exercised,  after  this  is  done,  to  see  that  the 
movement  is  in  perfect  balance. 

Owing  to  the  manner  in  which  the  coils  have  to  be  wound,  it 
is  necessary  in  all  cases  to  use  series  transformers  with  the  power- 
factor  meter.     Two  series  transformers  are  sufficient  for  either  two 


or  three-phase  instruments.  In  the  latter  case  the  third  phase  is 
formed  at  the  binding  posts  by  a  combination  of  the  other  two 
phases. 

In  a  four-wire,  three-phase  circuit,  with  the  possibility  of  cur- 
rent passing  through  the  neutral  wire,  an  extra  binding  post  is 
added  to  the  instrument,  and  connected  to  the  neutral  point.  Three 
series  transformers  are  used  in  order  to  measure  the  current  from 
each  phase  to  the  neutral,  as  in  Fig.  12. 

An  ammeter  mav  be  so  connected  to  the  circuits  of  a  three- 
phase  power-factor  meter,  as  to  measure  the  current  in  any  one  of 
the  three  phases,  as  shown  in  Fig.  13. 
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Power-Factor  Meter 


FIG.    13  —  POWEK-KACTOR    METER 


To  read  current  in  phase  A,  plugs  2  and  3  should  be  in. 
To  read  current  in  phase  B,  plugs  i  and  4  should  be  in. 
To  read  current  in  phase  C,  plugs  4  and  3  should  be  in. 


APPLICATIONS  OF  ALTERNATING-CURRENT 
DIAGRAMS 

V— GENERATORS 

By  V.    KARAPETOFF 

A  Series  of  Lectures  DeluereJ  before  The  ELECTRIC  Club 

Equizvlcuf  Total  Current  and  Resistance  of  Polyphase  Machin- 
ery— In  constructing  a  diagram  for  a  single-phase  alternator,  mo- 
tor, or  transformer,  there  should  be  no  confusion  as  to  values  of 
current  and  resistance  to  be  used. 

To  avoid  confusion  in  graphical  investigations  of  polyphase 
machinery,  it  is  advisable  in  every  case,  to  reduce  current  and  re- 
sistance to  their  equivalents  for  a  single-phase  machine  having  the 
same  output,  the  same  power-factor  and  the  same  percentage  of  in- 
ternal drop,  or,  in  other  words,  the  same  copper  loss. 

(i.)      T  zv  0- 

Phase  Machines. 
— In  a  t  w  o- 
phase,  four-wire 
system  the  out- 
p  u  t  s  of  both 
phases  are  sim- 
ply added.  If 
e  is  the  voltage 
of  a  two-phase 
system,  /the  cur- 
rent per  phase, 
and  r  the  resist- 
ance per  phase, 
(Fig.  41),  all  the  diagrams  must  be  constructed  with  the  same  volt- 
age e,  but  with  an  equivalent  current  I=2i  and  an  equivalent  resist- 
ance R=^y2r,  (since  /  R  must  be  equal  to  2x/  r).  The  same  applies, 
of  course,  to  a  two-phase  three-wire  system. 

In  some  cases  the  scheme  of  connections  shown  in  Fig.  42  is 
used  for  two-phase  machines,  as,  for  instance,  in  rotary  converters 
and  in  some  types  of  alternators.  The  resistance  in  this  case  is 
measured  between  the  points  A  and  A,  and  between  B  and  />',.    Sup- 


^ 2) 

A 


FIG.    41 
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pose  this  value  is  found  lo  be  r.  Then  the  actual  resistance  of  each 
leg  A  B  or  A  B  ,  will  also  be  r.  since  two  of  such  resistance  are  con- 
nected in  series  and  two  in  parallel  to  make  up  the  resistance  from 
^^  to  , /,,  i.  e.,  }4(2r)=r.  If  the  line  current  in  each  phase  is  ?,  the 

/ 


current  in  each  winding  of  the  machine  is 


1 


The  equivalent  cur- 


-^ 


\ 

h..' 

' 

l^y- 

Al 

' 

rem,  as  in  the  previous  case,  is  I^^^2i.  Let  the  resistance  of  an  equiv- 
alent single-phase  machine  be  R.  Then  the  condition,  that  there 
should  be  an  equal  copper  loss  in  the  actual  two-phase  machine  and 
in  the  equivalent  single- phase  machine  is, 

I'  R  —  A\  yr.,'  ixnd  substitutino-  2/  for  /,  R~ 

Consequently,  in  this  case  also,  the  equivalent  resistance  R  is 

equal  to  half  the  ^ 

actual    resist-    '  T 

i 
ance,    as    meas-  | 

u  r  e  d  between 
the  terminals  of 
each  phase. 
Thus,  whatever 
the  scheme  of 
connections  in- 
s  i  d  e  a  two- 
phase     machine.  . i 

the     equivalent 
values,     of     re- 
sistance and  current  are  to  be  found  by  taking  one-half  of  the  resist- 
ance of  a  phase  and  double  the  current  per  phase. 

(2.)  Thrcc-Phasc  Machines. — In  the  three-phase  star  connec- 
tion of  a  machine.  Fig.  43.  the  total  output  is  r /'  ]  3,  therefore  the 
equivalent,  or  total  current,  is  1^7^  3.  Let  the  resistance  per 
phase  of  the  winding  be  r.     As  the  neutral  point  of  a  star  winding 

A  is  not  generally 

accessible,  the 
resist  ance  is 
usually  meas- 
u  r  e  d  between 
t  w  o  terminals 
as,  for  instance, 
between  i  and 
2.  In  this  case 
'■■"^-  4-3  the  measured  re- 
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sistancc.  r^  is  double  the  actual  resistance  per  phase.  Hence  r'^2r. 
Again  supposing  the  copper  loss  of  the  machine  to  be  equal  to  the 
copper  loss  of  the  equivalent  single-phase  machine,  we  get 

/-i?  =  3  r  r  and  since  /=/ ]    3and;'=— we    get    by    substitution 
iv'=  —as  in  the  previous  case. 

2 

In  a  delta  connected  machine,  Fig.  44,  the  equivalent  current  is 
again  /=/    ]    3  where  /,  is  the  line  current.      The    current    in    each 

/ 
winding  of  the  machine  is   —  .     In  measuring  resistance  between  anv 

13 

two  terminals,  we  measure  a  combination  of  the  two  resistances,  r 
and  r,  in  series  and  the  resistance  r  in  parallel  with  them.  Therefore, 
the  actually  measured  resistance  is, 

2rr        2r 

2r+r~  3 


The  equation  of  copper  loss  then  is:      /-'^=|— -  I  V, 
so  that  in  this  case  also,  J?- 


1    3^ 


lliKS,  in  a)iy  kind  of  h>.'o-phasi'  or  three-phase  generator,  trans- 
former, motor,  transmission  line,  or  other  apparatus ,  the  equivalent  re- 
sistance is  one-half  of  the  resistance  measiu-ed  from  terniinal  to  terminal. 

To   find   the   equiv-     — 
alent  current,  /.  e.,   the 
current    in    an    equiva- 
lent   single-phase    ma- 
chine giving  the  same 
output     at     the     same 
voltage,     and     at     the     ~ 
same  power-factor,  the 
current  per  phase  must  be  nmltiplied  by  two,  in  the  case  of  a  two- 
phase  system,  and  by  \    3  in  the  case  of  a  three-phase  system. 

In  testing  ordinary  C(»mmercial  polyphase  machinery,  neither 
voltages,  currents,  nor  resistances  are  exactly  the  same  in  all  the 
phases.  There  are  always  small  difTerences  and  these  necessitate 
the  use  of  average  values  for  the  three  quantities.     Suppose  the  fol- 


FIG.    44 
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lowing  values  to  have  been  found  for  a  2,200  volt  three-pluise  gen- 
erator. 

Volts.  Ohms. 

Phase  1-2                           ^,201  1-883 

Phase  2-3                           2,197  1. 91 1 

Phase  3-1                           2,202  1.894 

The  equivalent  values  for  which  any  diagram   should  be  con- 
structed, are 

2,204+2,107-1-2,202 

^-^ —      '   — =  2201  volts 

3 

and      1,883-)- 1,91 1 -|- 1, 804 

~ — ^^ — ~ ' — ^-^^  =  0.948  ohms. 

o 

If  this  is  a  100  kw    generator,  the  equivalent  full-load  current 

at  unit  power-factor  for  a  single-phase  generator  would  be 

100,000 

=45-  5  amperes. 

2,200       ^^  "^        ' 


FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY— Vm 

By  R.  E.  WORKMAN 

THE  Speed  of  a  Series  Motor — The  speed  at  which  any  motor 
runs  is  such  as  to  produce  the  counter  e.m.f.  necessary  to 
allow  the  flow  of  just  that  amount  of  current  which  is  suf- 
ficient to  give  a  torque  to  the  armature  balancing  that  imposed  on  the 
motor  by  the  load.  Since  the  counter  e.m.f.  depends  on  the  product 
of  field  strength  and  speed,  if  the  field  strength  is  increased  the  motor 
will  be  able  to  generate  the  necessary  counter  e.m.f.  at  a  lower  speed. 
Hence,  in  a  series  motor,  in  which  the  magnetizing  force  of  the  coils 
increases  in  direct  proportion  to  the  current  in  the  armature,  the  speed 
falls  very  rapidly  with  an  increase  in  the  current.  In  fact,  if  the  per- 
meability of  the  iron  in  the  magnetic  circuit  were  constant,  and  if 
the  efifect  of  armature  reaction  could  be  neglected,  the  speed  would 
vary  inversely  as  the  current.  As  the  magnetic  circuit  becomes  sat- 
urated, however,  the  speed  falls  less  with  a  given  increase  in  the  cur- 
rent, corresponding  to  the  smaller  increase  in  magnetization.  The 
curve  of  speed  and  current  follows  approximately  the  magnetization 
curve  of  the  magnetic  circuit,  and,  in  fact,  gives  a  good  idea  of  the 
magnetic  design  of  the  machine. 

In  the  case  of  a  shunt  or  compound  wound  motor,  an  increase 
in  temperature  causes  a  decrease  in  the  field  current  and  field 
strength,  which  tends  to  raise  the  speed  of  the  motor ;  at  the  same 
time,  an  increase  in  temperature,  the  armature  current  remaining 
constant,  causes  an  increased  ohmic  drop  in  the  armature,  which 
tends  to  diminish  the  speed  of  the  motor.  In  all  ordinary  cases  the 
former  efifect  is  the  controlling  one  and  the  speed  of  the  motor  in- 
creases with  a  rise  in  temperature. 

In  the  case  of  the  series  motor,  however,  since  the  drop  in  the 
whole  motor  has  to  be  supplied  by  a  part  of  the  terminal  voltage  and 
since  this  drop  increases  with  the  rise  in  temperature,  the  armature 
will  not  have  so  large  a  counter  ejn.f.  to  induce  when  the  motor, is 
hot  as  when  it  is  cold.  It  will  be  seen  from  this  that  the  hotter  a 
series  motor  is,  the  slower  it  will  run  at  a  given  load. 

As  series  motors  are  intended,  as  a  rule,  for  intermittent  service 
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and  are  often  run  for  considerable  periods  at  heavy  overloads  and 
consequently  attain  a  high  temperature,  the  speeds  found  in  the  test 
are  corrected  to  the  values  they  would  have  at  75°  C. 

Speed  Curves  of  Series  ^^Iotors — Preparations  for  Test — 
The  testing-  board  shown  in  Fig".  12,  page  171,  in  the  April 
issue,  is  used.  'Jhc  motor  to  be  tested  is  coupled  to  another 
series  motor  to  act  as  load.  The  armature  and  field  terminals 
of  the  motor  to  be  tested  are  connected  to  A^A.^  F^F^  respec- 
tively and  those  of  the  other  machine  to  A^A^,  F^F^  respectively.  The 
power  and  load  switch  on  the  left  is  thrown  to  the  power  side  and 
that  on  the  right  to  the  load  side ;  the  two  switches  IL^  and  IL"  be- 
ing open.  A  rack  is  put  across  L^L^  and  plugged  in  to  give  a  suit- 
able load.  The  four  switches,  FS\  AS\  AS",  FS-  are  closed  and 
the  motor  started  by  means  of  a  controller  or  a  rheostat.  The  second 
machine  will  start  up  as  a  series  generator  and  its  load  may  be  ad- 
justed b\-  changing  the  resistance  in  the  rack. 

Conduct  of  Test — The  terminal  voltage  is  held  constant  through- 
out the  test  by  using  the  booster  in  series  with  the  source  of  power 
and  regulating  the  amount  of  resistance  in  its  field.  The  current  is 
varied  by  changing  the  load  on  the  machine  which  acts  as  a  gen- 
erator. The  readings  to  be  taken  are :  terminal  volts,  amperes,  field 
volts  and  speed.  A  series  of  such  readings  is  taken  within  the  work- 
able range  of  speeds  of  the  motor  for  both  directions  of  rotation.  It 
is  usual  to  start  the  test  with  a  heavy  overload,  say  100%,  and  to 
bring  the  load  down  gradually  by  convenient  steps  to  as  low  a  value 
as  practicable.  This  insures  a  more  nearly  constant  temperature  dur- 
ing the  test. 

Precautious  to  he  Observed — Care  must  be  taken  not  to  exceed 
the  maximum  safe  speed  of  the  motor ;  it  is  therefore  important  that 
there  should  be  a  part  of  the  load  rack  plugged  in  before  starting. 

Working  Up  Results — The  speed  is  to  be  plotted  to  the  current 
in  the  ordinary  way,  but  it  is  necessary  to  correct  this  speed  for 
changes  in  temperature  which  have  taken  place  in  the  various  parts 
during  the  test.  It  is  assumed  that  the  armature  and  field  resistance 
have  already  been  found  and  their  values  are  known  at  a  temperature 
of  25°  C.  The  equivalent  values  of  these  resistances  at  75'^  C.  are 
found  by  adding  0.38  percent  to  the  resistance  for  every  degree 
centigrade  rise  in  temperature.  Suppose  the  values  thus  found  to 
be  Ra  for  the  armature  winding  and  Rs  for  the  series  field  wind- 
ing.    Knowing  these  values  it  is  possible  to  calculate  for  any  value 
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All 


of  the  current,  the  vohs  drop  in  the  armature  and  series  field  at  a 
temperature  of  75°  C* 

In  order  to  find  the  vohs  drop  in  the  motor  for  any  current, 
under  the  conditions  of  the  test  (i.  e.,  where  the  temperature  is  not 
necessarily  75°  C),  it  is  simply  necessary  to  multiply  the  observed 
drop  across  the  series  field  winding-  by 

Total  Resistance       Ra-\-Rs 


Field  Resistance 


Rs 


This  quantity  is  evidently  constant  for  different  temperatvires,  since 
for  an  increase  in  temperature  the  same  percentage  is  added  to  both 
numerator  and  denominator.  It  is  also  evident  that  this  is  simply 
the  ratio  of  the  total  drop  in  the  motor  for  a  given  current,  to  that 
in  the  series  field  winding. 

Example — The  following  is  a  sample  reading  on  a  No.  56,  500- 
volt  railway  motor,  at  500  volts,  right  hand  rotation : 


Observed 
Field  Drop 

ArmatureField,  Drop 

Induced  Volts 

Speed 

Observed 

At75°C. 

Observed 

At  75°  C. 

Observed 

At  75°  C. 

150 

24.6 

44-5 

47-5 

455-5 

45^-5 

430 

427 

Resistance  of  armature  at  75°  C ^^0.1418  ohm 

Resistance  of  field  at  75°  C ^0.1751   ohm 

Resistance  of  armature  -j-  fi-^d  at  75°  C =0.3169  ohm 

The  observed  induced  volts  are  found  by  subtracting  the  ob- 
served drop  in  the  armature  and  series  windings  from  the  line  volts. 
The  induced  volts  for  the  same  current  at  75°  C.  are  found  in  like 
manner  from  the  drop  in  the  armature  and  series  windings,  calcu- 
lated from  the  known  resistance  of  armature  and  field  at  75°  C.  The 
speed  at  75°  C.  will  evidently  bear  the  same  ratio  to  the  observed 
speed  that  the  induced  volts  at  75°   (or  counter  e.m.f.  at  75°  C.) 


*On  page  loi,  lines  27  and  28,  of  the  March  issue  the  constant 
0.42  should  be  changed  to  0.38  as  given  above ;  0.42  is  the  percentage 
rise  in  resistance  per  degree  centigrade  with  an  initial  temperature 
of  o°C,  while  0.38  is  the  percentage  rise  in  resistance  per  degree 
centigrade  with  an   initial   temperature  of  25"  C. 
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bear  to  the  observed  induced  volts  (or  counter  e.ni.f. ).  Hence,  to 
find  the  corrected  speed  it  is  simply  necessary  to  multiply  the  ob- 
served speed  by  the  ratio 

induced  volts  at  y^^  C. 

observed  induced  volts. 
The  speed  curves  for  this  machine  for  both  directions  of  rotation 
are  shown  in  Fig.  40. 
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1  IG.   40 SPEED   CURVES    OF   SERIES    MOTOR 

(5)     Temperature  Tests: 

The  power  losses  in  electrical  machinery  of  every  Jsind  manifest 
themselves  in  the  form  of  heat.  The  elevation  of  temperature  in  the 
various  parts  of  a  machine  depends  on  two  things :  ( i)  The 
amount  of  heat  to  be  dissipated  or  the  amoun.t  of  the  losses  in  the 
particular  part  considered,  (2)  the  ability  of  the  machine  to  radiate 
or  conduct  away  the  heat  developed  in  it. 

There  are  three  ways  in  which  heat  is  taken  from  a  machine : 
(aj  by  radiation,  (b)  by  conduction,  (c)  by  convection  or  the  effect 
of  windage  (transfer  of  heat  to  the  air  and  subsequent  mechanical 
conduction  away  from  the  machine).  The  first  two  of  these  are 
independent  of  the  speed  of  the  machine,  but  the  last,  a  very  im- 


FACTORY  TESTING  479 

portant  one,  increases  greatly  with  the  speed.  It  is  obvious  that 
if  a  machine  is  enclosed  very  little  heat  is  liberated  by  the  first 
principle  and  practically  none  by  the  last.  It  will  thus  be  seen  that 
the  rating  of  a  machine  from  the  temperature  standpoint  depends 
very  largely  upon  the  openness  of  its  construction.  For  consistent 
results  in  testing,  it  is  necessary,  unless  otherwise  specified,  that  all 
'jvers  should  be  in  place  while  a  temperature  test  is  being  con- 
uucted.  For  similar  reasons  it  is  important  that  machines  should 
be  screened  from  draughts. 

Generally  the  object  of  a  temperature  test  is  to  ascertain  the  rise 
in  temperature  which  will  be  ultimately  reached  by  a  machine  run- 
ning on  full  load.  This  may  require  a  run  of  6  to  14  hours,  accord- 
ing to  the  size  of  the  machine. 

Besides  full-load  tests,  machines  are  often  run  at  large  over- 
loads for  short  periods,  either  to  determine  the  over-load  capacity 
of  the  machine  or  to  prove  the  fulfillment  of  special  contract  con- 
ditions. 

Preparations  for  Test — The  arrangements  for  temperature  tests 
are  exactly  the  same  as  those  for  regulation,  both  in  the  case  of 
generators  and  motors. 

Conduct  of  Test — Readings  of  the  load  are  taken  at  intervals 
of  about  one  hour  in  the  case  of  short  runs,  and  two  hours  in  the 
case  of  long  runs,  to  determine  the  progress  of  the  run.  Interme- 
diate readings  of  the  load  should  be  taken  at  intervals,  to  see  that 
it  is  held  constant.  Before  the  machine  is  stopped  special  prepara- 
tions should  be  made  for  the  taking  of  temperatures  and  hot  re- 
sistances.   At  the  end  of  a  run  the  readings  to  be  taken  are : 

(i)     Temperature  by  thermometer  of  the  various  parts  of  the 

machine. 

(2)  Resistances  of  the  various  windings  while  hot  so  as  to- 
be  able  to  calculate  the  rise  in  temperature  of  these  parts  from 
the  relation  of  hot  and  cold  resistances. 

(3)  The  temperature  of  the  surrounding  air. 

The  hot  resistances  are  taken  exactly  as  shown  in  I'^ig.  3  and 
described  on  page  99  in  the  March  issue.  A  thermometer  mu?t  be 
hung  in  the  air  near  enough  to  the  machine  to  give  a  fair  indica- 
tion of  the  temperature  it  would  have  if  not  in  operation,  but  not 
near  enough  to  be  affected  by  radiation  from  it.  Immediately  after 
the  macliine  is  stopped  thermon-.eters  should  be  placed  on  the  various 
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parts  whose  temperatures  arc  to  be  measured.  Thermometers  are 
required  for  the  following"  parts  of  the  machine ;  series  field  wind- 
ing, shunt  field  winding,  armature  winding,  armature  iron,  and  com- 
mutator. 

They  are  held  in  place  by  means  of  small  pieces  of  cotton  waste 
wedging  their  bulbs  against  the  surface.  These  pieces  of  waste 
by  reason  of  their  very  low  conductivity  serve  to  concentrate  the 
heat  on  the  thermometer  bulb  and  also  to  prevent  the  radiation  of 
heat  from  it,  when  its  temperature  is  above  that  of  the  surround- 
ing air.  The  thermometers  are  left  in  place  until  their  readings 
begin  to  decrease,  usually  after  lo  to  15  minutes.  While  the  ther- 
mometers are  being  placed  in  position  the  resistances  of  the  various 
circuits  must  be  quickly  taken  so  as  to  eliminate  the  effect  of  cool- 
ing as  far  as  possible. 
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FIG.    41 HEATING    .\ND    COOLING    CURVES    OK    A    15-H.P.    DIRECT-CURRENT    MOTOR 

The  machine  begins  to  cool  immediately  upon  shutting  down 
and  a  very  short  delay  in  taking  the  resistances  will  ruin  the  results 
of  the  test.  This  will  be  more  apparent  from  reference  to  Fig.  41. 
It  is  customary  to  take  the  resistances  of  both  fields  before  shutting 
down,  leaving  only  the  armature  resistance  to  be  effected  by  a 
slight  cooling. 


FACTORY  TESTING  481 

Calculation  of  Rise  in  Temperature  from  Increase  in 
Resistance — This  method  of  determining  temperature  rise  is  liable 
to  considerable  error  since  its  result  depends  on  the  accuracy  of 
the  small  difference  between  two  relatively  large  measured  quanti- 
ties. The  difference  between  the  hot  and  cold  resistances  is  usually 
less  than  20  percent  of  the  cold  resistance,  so  that  any  error  in  the 
measurement  of  the  resistances  may  be  multiplied  five  or  more 
times  in  the  resulting  temperature  rise.  The  necessity  for  great 
care  in  the  resistance  measurements  is  obvious.  In  addition  to  this 
chance  for  error  in  the  experimental  measurements,  the  correct- 
ness of  the  constants  and  formulae  used  in  the  calculations  is  at 
least  open  to  discussion.  At  the  present  time  the  authoritative  method 
is  that  recommended  by  the  American  Insiitutc  of  Electrical  En- 
gineers in  the  Report  of  the  Committee  on  Standardization,  of  May, 
1902.  No  one  method,  however,  is  in  general  use.  In  this  article, 
the  A.  I.  E.  E.  method  will  be  explained,  and  its  relation  to  other 
methods  in  use  will  be  pointed  out. 

A.  I.  E.  E.  Method — This  method  of  calculation  is  based  on 
the  assumption  that  between  any  initial  and  final  temp-iratures 
copper  increases  its  resistance  by  0.42  percent  of  its  resistance  at 
zero  degrees  centigrade  for  each  degree  rise  in  temperature.  The 
equation  resulting  from  this  assumption  is : 

.-^.-=(238.1+0    (^^l^-i) 

i\^t=initial  resistance  at  room  temperature   t    degrees  C. 
J^t  pu..  A  ^final  resistance  at  temperature  elevation  of  A  degrees  C. 

The  derivation  of  this  formula  is  indicated  in  the  foot  note 
of  page  8  of  the  Standardization  Committee  report. 

Corrections — The  only  correction  made  in  the  A.  I.  E.  E. 
method  is  for  a  constant  room  temperature  other  than  25  degrees. 
The  report  says:  "The  rise  of  temperature  should  be  referred  to 
the  standard  conditions  of  a  room-temperature  of  25  degrees  C. 
.  .  .  ."'  This  is  done  in  the  following  way:  "If  the  room  tem- 
perature during  the  test  differs  from  25  degrees  C  the  observed 
rise  of  temperature  should  be  corrected  by  V2  percent  for  each 
degree  C.  Thus  with  a  room  temperature  of  35  degrees  C  the 
observed  rise  of  temperature  has  to  be  decreased  by  five  percent; 
and  with  a  room  temperature  of  15  degrees  C  the  observed  rise 
of  temperature  has  to  be  increased  by  five  percent."' 
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The  reason  for  this  correction  is  not  stated  in  the  Standardiza- 
tion report.  The  effect  of  a  constant  room  temperature  higher  or 
lower  than  25  degrees  on  the  temperature  elevation  of  a  machine  is 
two-fold : 

(a)  With  a  higher  room  temperature  the  amount  of  heat 
generated  in  the  copper  circuits  of  the  machine  is  greater  on  ac- 
count of  the  higher  resistance.  On  the  other  hand  the  loss  in  tiie 
iron  is  decreased  by  an  increase  in  temperature.  The  increase  in 
copper  loss,  however,  undoubtedly  overbalances  the  decrease  in 
iron  loss.  The  numerical  value  of  the  change  depends  on  the  in- 
dividual characteristics  of  the  apparatus. 

(b)  The  heat-dissipating  power  of  the  air  changes  with  change 
in  temperature.  It  is  not  generally  agreed  whether  this  change 
is  a  decrease  in  the  heat-dissipating  power  with  increase  in  room 
temperature,  as  is  assumed  by  the  A.  I.  E.  E.  correction,  or  is  in 
the  opposite  direction. 

In  view  of  these  facts  the  use  of  the  correction  for  reduction 
to  25  degrees  is  of  questionable  value. 

With  ordinary  room  temperatures  the  correction  is  small  and 
well  within  the  limits  of  accuracy  of  the  experimental  work  and 
method  of  calculation. 

In  commercial  testing  work  in  which  measured  resistances 
must  be  checked  with  calculations  and  compared  with  each  other 
it  is  convenient  to  reduce  all  "cold"  resistances  to  the  same  room 
temperature,  usually  25  degrees.  To  reduce  the  cold  resistance  to 
25  degrees,  the  difference  between  the  air  temperature  at  which  the 
cold  resistance  is  measured  and  25  degrees  is  multiplied  by  0.38. 
This  gives  the  percentage  by  which  the  measured  resistance  must 
be  decreased  if  the  observed  air  temperature  is  above  25,  or  the 
percentage  by  which  the  measured  resistance  must  be  increased  if 
the  observed  air  temperature  is  below  25. 

The  temperature  rise  above  25  degrees  is  then  calculated  from 
the  formula  : 


A  = 


^.SPU.SA-A',, 


.0038  R,, 

a  in  this  case  is  the  rise  above  25  degrees.  This  method  of  calcu- 
lation is  practically  the  same  as  the  A.  I.  E.  E.  method  and  is 
based  on  exactly  the  same  assumptions,  the  dift'erence  in  constant 
being  due  to  the  change  in  temperature-base. 

It  is  more  or  less  generallv  assumed  that  the  A.  I.  E.  PI.  method 
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of  calculation  is  based  on  correct  physical  assumptions.  This  is 
not  true.  The  assumed  constant  0.42  percent  is  not  a  constant  for 
different  temperature  ranges.  In  view  of  this,  some  engineers 
lavor  a  simpler  rule  which,  while  not  as  correct  in  form  as  the 
Institute  rule,  can  give  by  proper  selection  of  the  constant  as  ac- 
curate results.     Such  a  rule  is  : 

, -f^t    1  lus  A         ■'^t 

.004     J^t 

The  resistance  readings  are  used  directly  without  any  temper- 
ature corrections.  This  same  formula  with  a  constant  of  .0039 
give  more  accurate  results  though  not  so  convenient  for  calcu- 
lation. 

The  A.  I.  E.  E.  Standardization  report  makes  no  provision 
for  a  room  temperature  that  varies  during  the  test.  If  the  change 
in  room  temperature  varies  slowly  and  uniformly  as  it  generally 
does,  it  may  be  assumed  with  some  degree  of  reason  that  the  tem- 
perature of  the  machine  is  changed  an  equal  number  of  degrees, 
so  that  the  degrees  change  in  air  temperature  during  the  test  is 
added  to  or  subtracted  from  the  calculated  temperature  rise,  de- 
pending on  the  direction  of  the  change  in  air  temperature.  This 
assumption  is  less  warranted  as  the  windings  are  more  completely 
protected  from  the  air  by  other  parts  of  the  machine. 

When  the  room  temperature  varies  during  the  test  the  average 
room  temperature  should  be  used  in  making  the  A.  I.  E.  E.  cor- 
rection for  difiference  in  room  temperature  from  25  degrees. 

It  is  evident  from  the  preceding  discussion  that  no  absolutely 
right  or  wrong  method  of  calculating  temperature  rise  can  be 
pointed  out. 

While  it  is  important  that  the  method  used  be  accurate,  it  is 
more  important  that  one  method  be  used  universally.  At  the  pres- 
ent time  the  only  method  having  official  standing  is  that  recom- 
mended by  the  American  Institute  of  Electrical  Engineers,  and  un- 
til a  more  accurate  or  more  convenient  method  is  regularly  adopted 
the  Institute  method  should  be  used. 

Special  Test  : — Field  Form  from  Measurement  of  E.  M.  F. 
between  Commutator  Bars — The  principal  purposes  of  this  test  arc : 
(i)  to  ascertain  the  effect  of  armature  reaction  in  distorting  the 
field;  (2)  to  find  the  width  of  the  fringe— the  spreading  of  the  field 
— at  the  tips  of  the  poles;  (3)  to  find  the  maximum  difference  of 
potential  between  commutator  bars. 
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Preparations  for  7\'st — A  template  must  be  made  from  a  piece 
of  cardboard   sbai:)ed  as  shown  in   Fig'.  42  to  be  laid  around  the 

Holes  '^''"P'"'' 
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Brush  A  Brush  B  Brush  C 

FIG.    42 TEMPLATE   VOR   T.^KING    FIELD-FORM    CURVES 

commutator  and  of  a  length  sufficient  to  reach  from  one  brush  to 
the  next  of  the  same  polarity.  Notches  are  cut  in  one  side  of  the 
template  to  fit  around  the  brushes  so  that  it  may  easily  be  held 
in  place.  The  spaces  from  brush  to  brush  on  the  template  are 
divided  into  parts  which  are  a  multiple  of  the  thickness  of  a  com- 
mutator bar,  plus  one  mica  insulating  strip.  Malang  the  length  of 
these  parts  a  multiple  of  the  pitch  of  the  commutator  bars  makes 
it  possible  to  directly  determine  the  e.m.f.  induced  in  each  section 
of  the  winding  at  any  particular  point  of  the  field,  and  also  a  slight 
error  in  the  division  will  not  materially  affect  the  results.  At  each 
of  the  lines  separating  these  divisions  a  hole  is  bored  through  the 
cardboard  just  large  enough  to  receive  a  very  small  voltmeter  point. 
The  machine  is  belted  up  and  connected  exactly  as  for  a  regula- 
tion test,  being  usually  run  first  as  a  generator  separately  excited, 
whether  it  is  designed  to  run  as  a  generator  or  as  a  motor,  in  order 
to  obtain  the  curve  of  field  form  with  no  current  in  the  armature. 

Conduct  of  Test — The  machine  is  started  up  and  run  at  its 
designed  speed.  The  separate  field  current  is  adjusted  so  as  to  give 
the  proper  terminal  voltage.  The  brushes  are  set  on  the  no-load 
neutral  and  the  following  readings  taken : 

(i)     Voltmeter  readings  between   adjacent  holes  in  the  tem- 
plate. 

(2)      Speed  and  field  current  of  the  machine. 
The  last   two   quantities   arc   to  be   held   constant   throughout 
the  test. 

When  run  on  load,  the  machine  will  in  every  case  be  run  as 
in  service — as  a  motor,  if  it  is  to  be  used  as  a  motor,  and  as  a 
generator  if  it  is  to  be  used  as  such.  It  is  connected  up  exactly 
as  for  a  regulation  test,  and  full-load  applied.  The  brushes  and 
template  should  be  moved  around  the  commutator  till  the  brush 
position  is  the  same  as  that  at  which  the  machine  is  to  run  on  load  ; 
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the  number  of  commutator  bars  through  which  the  brushes  are 
moved  from  no-load  neutral  position  to  full-load  running  posi- 
tion must  be  carefully  noted.  The  same  readings  are  now  taken 
as  those  at  no-load. 

An  alternative  method,  used  especially  in  the  case  of  small 
motors,  is  to  take  both  no-load  and  full-load  readings  with  the 
brushes  in  the  full-load  position  and  under  running  conditions.  The 
test  is  otherwise  exactl\'  the  same  as  the  one  above  mentioned. 

Precautions  to  be  Observed — If  the  commutator  is  at  all 
rough  it  may  be  hard  to  obtain  consistent  readings  due  to  the  in- 
termittent contact  of  the  metal  voltmeter  points.  Better  results 
may  often  be  obtained  by  using  hard  drawing  pencils  as  points  in- 
stead of  the  customarv  metal  ones. 
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Commutator  Bars 
FIG.    43 FIELD    FORM    OF    A    220-VOLT    SHUNT    MOTOR 


Working  up  Results — Fig.  43  shows  the  curves  of  field  form 
taken  on  a  220- volt  shunt-motor.  Tlic  ordinates  are  the  actual 
differences  of  potential  read  in  the  test  and  the  abscissae  the  dis- 
tances round  the  commutator  starting  from  one  of  the  brushes. 
Where  the  brushes  arc  moved  between  the  no-load  and  full-load 
tests  the  full-load  curve  must  be  moved  along  the  scale  of  abscissae 
by  a  distance  corresponding  to  the  lead  or  lag  of  the  brushes  as  the 
case  mav  be. 
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ITEMS  FROM  THE  NOTE  BOOK  OF  THE  APPRENTICE 

Indestructible  Railway  ]\'Totor  Field  Coils. — Street  rail- 
way motors  are  probably  subjected  to  more  severe  service  than  any 
other  type  of  electric  machine.     The  conditions  imposed  by  service, 

size,  weight  and  position 
of  the  motor  bring  about 
a  design,  every  part  of 
which  is  entirely  different 
from  that. of  the  ordinary 
motor.  This  is  particular- 
ly true  of  the  latest  rail- 
way motor  field  coils,  in 
which  is  employed  a  con- 
struction that  reduces  the 
liability  of  short-circuits 
and  grounds  to  a  mini- 
mum and  practically  elim- 
inates    burn-outs    due    to 

FIG.      I--1NSULATED     COIL     READY     FOR     THE     CASE         OVCrheatin^. 

In  earlier  days,  field  coils  were  wound  with  cotton-covered  wire 
which  was  satisfactory  as  long  as  the  temperature  of  the  coil  re- 
mained low.  But  when  the  motors  were  overworked  the  internal 
temperature  would  sometimes  rise  sufficiently  high  to  char  the  cot- 
ton insulation,  and  when  this  happened  the  jar  of  the  motor  would 
pulverize  the  insulation  and  short-circuit  the  windings.  This  trou- 
ble has  been  overcome  by  the  use  of  asbestos  insulation  which  is  now 
used  on  all  railway  motor  field  coils,  both  wire  and  sirap-wound. 

The  use  of  asbestos  introduces  no  new  features  in  the  manufac- 
ture of  wire- wound  coils,  as  the  asbestos  simply  replaces  the  cotton 
insulation  of  the  wire.  The  process  of  manufacture  of  asbestos- 
insulated  strap- wound  coils  is  described  in  the  following  paragraphs. 

Forming  the  Coil. — The  coil  is  formed  from  copper  strap  or 
ribbon  on  edv^e.  Before  forming,  the  copper  is  cleaned  bv  an  acid 
bath  and  annealed.  Four  straps  enter  the  machine  together,  and 
arc  formed  into  coils  at  the  same  time;  they  are  clamped  between 
two  surface  plates  to  just  the  proper  pressure.  Then  the  entire  top 
bed  of  the  machine  rotates  through  one-quarter  of  a  revolution. 
The  -Straps  arc  iniclamped  and  the  machine  is  rotated  l)ack  to  its 
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Terminal 


Terminal 


FIG.    2 CONNECTIONS    OK    COIL 


original  position ;  by  means  of  stop  blocks  the  straps  are  clamped 
again  at  the  proper  point,  determined  by  the  dimensions  of  the  coil, 
and  again  the  bed  rotates 

one-fonrth  of  a  revolntion  /  \ 

to  form  the  second  cor- 
ner. As  the  turns  arc 
formed  they  are  suspend- 
ed above  the  machine ; 
when  the  proper  number 
of  turns  have  been  formed 
the  straps  are  cut.  the  four 
•coils  being  together.  To 
separate  them,  two  paral- 
lel bars  are  placed  through 
the  coil  and  one  single 
coil  is  separated  at  a  time 
from  the  others. 

Since  the  corners  of  the 
coil  have  become  hardened 
on  account  of  the  forming  operation,  the  coils  must  be  annealed, 
^vhich  is  done  by  plunging  them  while  red  hot  in  cold  water,  which 
also  loosens  and  removes  the  scale  caused  by  heating;  the  coil  is 
now  ready  to  be  bent  into  a  convex  shape  between  two  cast  iron 
formers  in  a  hydraulic  press.  In  the  same  manner  other  coils  are 
made  of  such  a  size  as  to  fit  outside  the  coils  just  described,  the 
complete  field  coil  thus  being  composed  of  two  single  coils,  as  shown 
in  Figs.  I  and  2. 

Insulating  the  Coil. — A  layer  of  asbestos,  saturated  with  shel- 
lac, is  placed  between  each  turn  of  the  coil ;  then  the  insulated  coil 

is  clamped  in  an  iron 
frame  and  h.eated  until  red 
when  all  the  moisture  has 
been  expelled  and  the  shel- 
lac dried.  Two  single 
coils,  one  of  each  size,  are 
now  connected  in  series  as 
in  Fig.  2 ;  the  coil  termin- 
als are  riveted  and  sol- 
dered ;  then  to  prevent  the 
FIG.  3 — i-AKTs  01    CASE  ANu  Fi.NisHi.u  Coll.        sifl^lc  coils  froui  touchiug 
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each  other,  heavy  l)uill-up  mica  is  (h-iveii  in  between  them.  This  is 
s-!.o\vn  in  I'ig.  i. 

Construction  of  the  Ca.sv.— In  V'v^.  3  is  shown  the  case  and 
completed  coil.  The  case  consists  of  the  sheet  metal  sides  and  lid 
and  a  cast-metal  bottom.  The  bottom  piece  carries  the  terminal 
tubes  and  holding-  lugs.  When  the  coil  is  on  the  pole  the  cast  bot- 
tom is  atljacent  to  the  armature.  It  is  therefore  made  of  high  re- 
sistance metal  to  prevent  flashing;  at  the  brushes. 

Every  Dart  of  the  inside  of  the  case  is  insulated,  the  corners 
protected  with  mica  molded  to  fit,  and  finally  sheet  asbestos  covering 
the  mica  at  all  points.  The  insulated  coil  is  placed  in  the  case  and 
built-up  mica  is  driven  and  wedged  in  between  the  coil  and  case;  to 
force  the  lid  of  the  case  down  to  its  proper  position  it  is  necessary 
to  use  heavy  clamps.  The  necessity  of  clamps  is  an  assurance 
against  any  movement  of  the  coil  within  the  case.  After  the  lid  is 
soldered  all  around,  the  clamps  are  removed.  A  test  of  5,000  volts, 
alternating,  completes  the  encased  coil,  shown  in  Fig.  2.  This  con- 
struction gives  a  perfectly  water-proof  and  fire-proof  coil. 

Structural  Steel  Alternator  Frames — The  use  of  struc- 
tural steel  in  building  up  frames  for  large  generators  forms  a  dis- 
tinctive feature  of  European  design.  The  advantage  of  this  con- 
struction is  in  the  relatively  small  amount  of  material  required  for 
the  frame.  The  manufacturing  conditions,  the  relative  cost  of  labor 
and  material,  and  other  conditions  which  prevail  in  Europe  render 
the  saving  of  raw  material  a  very  important  item.  The  different 
conditions  existing  in  this  country,  however,  makes  such  a  saving 
of  relatively  small  importance.  For  this  reason  structural  steel 
frames  have  never  been  employed  in  American  machines. 

This  frame  has  been  carefully  considered  in  the  design  of 
several  large  American  alternators,  but  it  was  not  adopted.  In  the 
case  of  a  5,000-kw  machine  it  was  found  that  the  usual  type  of 
cast-iron  box  frame  formed  approximately  40  percent  of  the  total 
weight  of  the  machine  and  probably  10  percent  of  the  total  cost. 
Assuming  a  structural  steel  frame  to  weigh  25  percent  of  the 
weight  of  the  cast-iron  frame,  the  use  of  the  structural  frame  repre- 
sents a  saving,  considering  material  only,  of  7  percent  of  the  total 
cost  of  the  machine  :  but  this  saving  is  largely  offset  by  the  greater 
labor  expense  refjuired  by  the  building  and  erection  of  the  struc- 
tural frame.  Structural  frames  require  considerably  more  work 
on  the  part  of  the  erecting  department,  and  their  success  is  largely 
dependent  upon  the  thoroughness  of  the  erection  work.  This  throws 
a  large  amount  of  heavy  work  upon  a  department  not  always 
well  ef|uipped  for  handling  it,  making  the  erection  slow  and  ex- 
pensive. The  erection  is  especially  difficult  with  machines  having 
frames  of  the  strut  conslruction  in  which  the  amount  of  electrically 
inactive  material  is  reduced  to  a  minimum.  Difficulty  has  also  been 
experienced  in  shipping  strut  frames,  it  having  been  found  neces- 
sary to  completely  box  them,  when  shipped  in  sections,  in  order  to 
give  them  the  necessary  support. 
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Drilling  S^L^LL  Squares  or  Hkxagonal  Holls — The  usual 
practice  of  using  a  punch  or  ch-il!  and  slotter  to  prochice  a  square 
hole  in  a  soft  metal  piece  nia\  he  ohviated.  if  the  desired  hole  he 
small,  and  if  the  sides  need  not  be  perfectly  true.  The  tool  em- 
ployed to  drill  such  a  hole  is  triangular  in  cross-section  and  has  a 
round  strai-:ht  shank,  clamped  in  the  drill  chuck  of  a  high-speed, 
lathe.  The  free  end  of  the  tool  carries  the  cutting 
edges,  which  are  three  in  number  and  ground  as 
shown  in  I^^ig.  i.  The  three  edges  of  the  triangular 
part  extending  from  the  shank  to  the  end  are  not 
ground  and  take  no  part  in  the  formation  of  the 
hole,  so  that  the  finishing  as  well  as  cutting  is  done 
by  ih.e  end  face  edges.  A  small  hard  steel  jig  is 
used  with  this  tool.  A  convenient  size  is  2"xi  '/.Vx^" 
and.  if  a  '4  "  ^lole  is  to  be  drilled,  the  hole  in  the 
plate  should  be  34"^/i"^/4"  3"<^  located  as  shown  in 
Fig.  2.  A  square  of  the  desired  size  is  laid  out  in 
the  proper  position  on  the  piece  to  be  drilled  and 
the  steel  jig  clamped  to  the  piece  by  means  of  a 
small  screw  clamp  in  such  a  way  that  the  outline 
of  the  hole  in  the  jig  coincides  with  that  laid  out 
on  the  piece.  The  lathe  is  operated  the  san^e  as 
in  drilling  a  round  hole.  The  piece  is  held  against 
the  end  of  the  revolving  tool  bv  hand,  an  1  the 
edges  on  the  side  of  the  tool  striking  against  the 
smooth  sides  of  the  hole  in  the  jig  cause  the  piece  to 
vibrate  rapidly  through  a  small  amplitude.  The 
sharp  cutting  comers  which  shape  the  outline  of 
the  hole  leave  a  small  amount  of  metal  in  the  cor- 
ners and  middle  of  each  side.  A  hexagonal  hole 
mav  be  drilled  in  the  same  manner  by  using  a  tem- 
])let  with  a  hexagonal  hole.  The  result  with  either 
form  will  not  be  exact,  but  approximate  enough 
to  fill  many  requirements.  The  holes  are  easily  and 
quickly  drilled  and  may  be  made  as  deep  as  desired 
KiG.    I  —  SHAPE    OF    withiu  ccrtaiu  limits. 

CUTTING        TOOL 

THE  CUTTING 
EDGES  .ARE  AD.  PB 
AND    DC. 


FIG.    2 — TEMPLET    USED   WITH     IK; 


Id- r,  A  I  i\i;  posrrrriNS  of  tool  and 
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EDITORIAL  COMMENT 

It  is  relatively  easy  to  explain  the  operation 

of  an  electrical  machine  bv  a  series  of  niathemati- 
Induction  ,  .  ,  ',         , 

cal  e(| nations,  bnt  to  translate  these  equations  into 
Motor  T-      ,    ,       ,  •  ,        ,,     ,  ,  r      1     1         1 

English  which  will  adequately  set  forth  the  salient 

principles  of  the  machine  is  not  so  easy.     The  accomplishment  of 

the   task,  however,   has   the   greatest   possible   value   for  that  most 

numerous  class  of  readers  who  are  interested  in  the  operation  of 

the  machine  rather  than  in  its  design. 

One  of  the  chief  aims  ot  the  Journal  is  the  presentation  of  the 
principles  of  electrical  machinery  upon  a  physical  rather  than  a  math- 
ematical basis,  and  the  article  of  Mr.  B.  G.  Lamme  on  the  polyphase 
induction  motor  in  the  present  issue  is  one  of  the  best  examples  of 
this  method  of  treatment  which  it  has  been  our  good  fortune  to 
read.  It  is  noteworthy  that  this  paper,  presented  seven  years  ago, 
stands  to-day  as  an  adequate  and  comprehensive  exposition  of  the 
characteristics  of  the  polyphase  induction  motor. 

Mr.  Lamme's  article  affords  an  interesting  view  of  the  develop- 
ment of  the  induction  motor.  When  the  paper  was  prepared  in  1897, 
comparatively  few  polyphase  motors  were  in  use  and  most  of  these 
were  started  and  controlled  by  variable  resistance  in  the  secondary. 
A  very  few  had  cage-wound  secondaries,  though  the  great  simplicity 
of  such  a  winding  was  generally  acknowledged  to  be  most  desirable. 
But  the  cage-wound  motor  did  not  at  that  time  come  into  use  be- 
cause its  characteristics  were  inferior  to  those  of  the  other  type, 
particularly  in  the  matter  of  starting.  This  difficulty  was  generally 
thought  to  be  inherent  in  the  type  of  motor.  Mr.  Lamme  proved 
conclusively  that  this  was  not  the  case  and  that  such  motors,  when 
properly  designed,  not  only  have  excellent  characteristics  in  general, 
but  can  start  with  a  torque  so  much  in  excess  of  that  ordinarily  re- 
quired that  starting  devices  may  be  used  which  reduce  the  starting 
torque.  One  of  Mr.  Lamme's  objects  in  presenting  this  paper  orig- 
inally was  to  show  the  remarkable  performance  and  other  advan- 
tages of  the  cage-wound  motor.  The  fact  that  the  cage-wound 
motor  has  long  since  become  the  recognized  standard  for  constant 
speed  work  in  America  and  is  rapidly  attaining  the  same  enviable 
position  in  Europe  justifies  the  position  which  the  author  maintained. 


WITH  THE  PUBLISHERS 

In  the   early  days   of   commercial   electricity 
Engineer 


The  Up=to=date  ,  ..    i    .-  ^1^1 

eno'ineers   were   larg"elv   recruited    trom   the   tele 


graph  engineers,  from  students  whose  knowledge 
of  electricity  was  mathematical,  and  from  that  numerous  class  of 
electrical  tinkers  collectively  known  as  bell  hangers.  As  the  state 
of  the  art  advanced,  the  telegraph  engineer  learned  the  difference 
between  operating  from  batteries  and  from  generators,  the  theorist 
learned  practice  and  both  of  them  had  to  unlearn  much  of  their 
previous  knowledge.  In  this  respect  the  bell  hanger  was  not  in  such 
a  bad  position  as  the  other  two,  for  while  he  had  more  to  learn  he 
had  nothing  to  unlearn.  The  mechanical  engineer  entered  the  field 
later,  and  with  his  entrance  the  electrical  art  grew'  most  rapidly. 
In  a  general  way  these  early  engineers  may  be  classified  somewhat 
as  follows : — 

First,  those  who  were  unable  to  keep  up  with  progress  and 
dropped  out,  many  of  them  falling  into  allied  lines  of  business. 

Second,  those  who  maintained  their  place  for  a  certain  time 
(while  development  was  stationary)  and  then  feeling  satisfied  that 
they  knew  all  there  was  to  be  known,  stepped  out  of  line. 

Third,  the  up-to-date  engineer  who  kept  in  close  touch. 

This  man  may  have  started  as  a  bell  hanger  with  everything  to 
learn,  or  a  telegraph  operator,  or  a  pure  theorist  or  more  likely  a 
mechanical  engineer  without  any  knowledge  of  the  art,  but  with  the 
ability  and  will  to  learn  it.  And,  because  this  class  kept  in  step  with 
the  men  who  were  doing  things,  it  quickly  made  its  influence  felt. 

\\'hen  the  old  direct  current  lighting  plants  gained  larger  and 
larger  circuits,  it  became  evident  after  awhile  to  the  up-to-date  en- 
gineer that  the  direct  current  system  had  touched  tlie  limit  of  profit- 
able business.  The  result  was  the  appearance  of  the  single-phase 
alternating  current  lighting  system.  To  the  second  class  of  engin- 
eers this  was  something  cjuite  new,  wholly  freakish  and  uncommer- 
cial in  its  possibilities.  To  the  up-to-date  engineer  it  was  a  perma- 
nent and  profitable  step  forward — to  be  followed  later  by  the  poly- 
phase system  with  its  extensive  application  to  power  and  lighting 
service. 
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As  in  street  railway  service  it  was  the  up-to-date  engineer  who 
made  the  horse  cars  and  cable  cars  obsolete,  so  when  further  exten- 
sion of  railway  traffic  became  necessary,  it  was  he  again  who 
])rought  forward  the  polyphase  system  with  its  rotary  transformers 
supplying  direct  current  to  motors.  And  now  lastly  comes  the  single- 
phase  railway  system  with  its  many  possibilities. 

Though  this  period  of  development  has  hardly  rounded  out  a 
generation,  signs  of  further  evolution  are  not  wanting. 

Plainly  the  question  before  the  up-to-date  engineer  is  not 
whether  he  shall  try  to  keep  up  with  the  procession,  but  Iwzv  he 
shall  do  it. 

At  the  beginning  he  is  confronted  by  the  largeness  of  the  field 
to  cover,  and  very  likely  by  his  own  limited  opportunity  to  gain 
practical  experience.  Clearly  then  the  problem  resolves  itself  into 
one  of  garnering  the  other  fellow's  wisdom.  Particularly  is  this  true 
of  the  young  man,  or  he  who  has  spent  his  years  in  a  position  of 
limited  opportunity.  And  yet  how  seldom  is  the  latter  aware  that 
because  of  the  rapidly  shifting  practice  of  the  day  he  is  likely  to 
round  out  in  quick  measure— a  miniature  of  Rip  Van  Winkle  with 
results  quite  as  disastrous  to  himself. 

And  if  this  is  keenly  thrust  upon  his  attention,  where  in  the 
seething  maelstrom  of  electrical  activity  will  he  seize  the  real  and 
true  facts,  or  gather  up-to-date  information  to  cope  with  everyday 
problems  ?  Is  it  in  the  text  books  ?  The  principles,  yes ;  the  prac- 
tice, no.  Indeed,  so  rapidly  does  practice  change,  that  nuich  of  what 
is  found  in  text  books  is  obsolete  before  a  second  edition  is  reached ; 
and  what  is  written  therein  is  usually  written  by  men  whose  view 
point  is  theoretic,  and  therefore  often  unstable,  because  the  things 
expounded  have  not  been  measured  by  the  rod  of  experience,  and 
where  they  have  been,  as  likely  as  not  they  have  been  discarded. 

rvlany  an  engineer  has  on  his  shelves  a  standard  text  book  on 
dynamo  electricity  not  over  ten  years  old  and  the  bulk  of  it  is 
worthless  except  to  archaeological  electricians.  But  the  book  has  a 
large  circulation,  and  if  one  were  not  close  to  the  latest  practice 
he  might  waste  much  time  in  reading  it.  One  may  not  turn  to  text 
books  for  information  on  commercial  electricity  with  the  same  as- 
surance as  in  the  older  and  more  stable  professions. 

Indeed,  the  collection  of  last  year's  pamphlets,  recent  magazines 
and  trade  circulars  is  the  most  useful  and  valuable  i)art  of  the  prac- 
tical engineer's  reference'  library.     All  of  which  is  nearly  to  the  ])()int 
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tliat  what  is  most  recent  is  best.  And  this  is  broadly  true,  except 
that  regard  must  he  ])aid  to  authority,  iihminatino-  the  text  books 
then  as  wliolly  unsatisfactory,  in  respect  to  practice  at  least,  informa- 
tion nmst  be  largely  gleaned  from  the  electrical  papers. 

Among  these  The  Elkctric  Cluh  Journal  stands  in  the  very 
front  rank,  whether  you  judge  it  by  its  circulation  or  the  quality  of 
its  articles,  h'irst,  and  distinctly,  it  is  not  a  news  sheet,  but  a  high 
grade  engineering  magazine  of  which  one  of  the  most  prominent 
consulting  engineers  said,  "Per  square  inch  of  superficial  area,  it  is 
capable  of  doing  much  more  practical  work  than  the  average  elec- 
trical journal."  Which  remark  leads  us  to  emphasize  one  of  its 
strongest  points — its  intense  practicality.  So  far  as  possible  the 
theoretical  treatment  of  subjects  is  avoided.  So  far  as  possible  re- 
sults are  presented  graphicall}'  by  an  abundance  of  curves  and  dia- 
grams utilized  in  the  explanation  of  the  principles  and  methods  of 
electrical  science.  And  that  its  reading  pages  shall  not  approximate 
to  some  kind  of  electrical  pemmican  diet,  of  which  the  reader  will 
soon  tire,  occasional  articles  of  general  interest  are  introduced. 

As  is  quite  well  known  The  Electric  Club  Journal  is  pub- 
lished by  The  Electric  Club,  an  organization  of  the  engineers  and 
apprentices  of  one  of  the  largest  electrical  works  in  the  world.  In 
the  Journal  are  printed  the  club  lectures  and  discussions — the  honey 
of  a  mighty  beehive  of  electrical  endeavor. 

The  scope  of  the  Journal  is  not,  however,  limited  to  the  trans- 
actions and  proceedings  of  the  club.  It  prints  papers  read  before 
societies  or  conventions  which  are  appropriate  in  character,  but  may 
not  be  readily  available  to  the  members  of  the  club.  It  contains  also 
helpful  editorials,  real  engineering  data,  items  of  improved  shop 
practice  and  bits  of  real  experience  not  otherwise  accessible. 

The  rapid  progress  of  electrical  practice  will  quickly  place  any 
;nan  who  ceases  to  keep  posted  out  of  date  in  from  three  to  five 
\ears.  'Jhere  are  no  signs  that  development  has  reached  a  station- 
ary level.  For  example,  five  years  ago  there  were  very  few  street 
railway  operators  who  had  to  deal  with  alternating  current,  whereas 
at  the  present  time  there  are  a  multitude  of  roads  using  alternating 
current  and  rotary  converters  for  transforming  to  direct  current. 
It  is  likely  in  five  years  more  that  the  whole  equipment  will  be  altet- 
nating  current.  The  purpose  of  the  Journal  is  to  keep  its  readers 
posted  regarding  these  changes  of  practice. 


WITH  THE  PUBLISHERS 


495 


In  referring-  to  the  evolutionary  tendency  in  the  American  iron 
and  steel  industry,  an  Englisii  engineer  recently  said :  "The  most 
remarkable  industrial  development  in  the  history  of  iron  making  is 
mainly  the  result  of  two  factors,  the  popularization  of  practical 
science  by  the  American  scientific  journals  and  the  courage  and  in- 
ventive genius  of  the  American  iron  masters." 

These  remarks  apply  with  equal  force  to  the  electrical  field. 
Its  journals  have  been  the  large  factors  in  keeping  men  up-to-date 
and  the  courage  and  inventive  genius  of  the  master  electricians  have 
not  been  surpassed  since  the  beginning  of  the  world  in  any  line  of 
human  activitv. 


PERSONAL  MENTION 


Joseph  Adams,  of  The  Electric  Com- 
pany, died  at  his  home  in  Knoxville, 
Pa.,  Friday  evening,  the  12th  of  Au- 
gust. Death  was  due  to  pneumonia, 
which  he  had  contracted  on  the  pre- 
ceding Monday.  He  leaves  a  wife  and 
one  small  child. 

Joseph  Adams  was  born  in  1876,  and 
after  his  education  was  completed  came 
to  The  Electric  Company  in  1894  as  a 
correspondent  in  the  Direct  Current 
Department,  in  which  position  he  re- 
mained two  years,  then  leaving  to  ac- 
cept a  position  with  the  F.  F.  Nicola 
Company,  dealers  in  lumber.  In  1896 
he  returned  to  his  former  position, 
which  he  retained  until  the  organization 
of  the  Price  Department  in  February, 
of  this  year,  when  he  was  promoted  to 
a  responsible  position  in  the  new  de- 
partment. 

His  industry  and  close  application 
to  business  had  won  him  the  respect  of 


all,  and  his  genial  and  obliging  man- 
ner endeared  him  to  those  with  whom 
he  came  in  frequent  contact.  The  early 
death  of  Mr.  Adams  cuts  short,  at  the 
age  of  28,   a  most  promising  career. 

Mr.  J.  H.  Hallberg  of  New  York  has 
been  retained  as  consulting  engineer  for 
the  Atlantic  Mills,  Providence,  R.  I. 
Extensive  electrical  developments  are 
under  way  at  these  mills  which  will 
probably  require  an  ultimate  electrical 
equipment  of  4,000  horse  power. 

Mr.  P.  W.  Ripple,  formerly  of  the 
Detail  Engineering  Departmerrt,  has 
accepted  the  position  of  Electrical  En- 
gineer with  the  Lehigh  Valley  Railroad, 
under  Mr.  A.  E.  Mitchell,  Superin- 
tendent of  Motive  Power.  Mr.  Ripple's 
headquarters  will  be  at  South  Bethle- 
hem, Pa. 


CLUB  NEWS 


Rki'ort  ok  the  Excursion  Commit- 
tee— During  the  past  year  The  Elec- 
tric Ci.uii  has  conducted  excursions 
to  industrial  establishments  in  the 
neighborhood  of  Pittsburg,  according  to 
a  new  plan  that  has  worked  very  suc- 
cessfully. In  previous  years  one  ex- 
cursion was  arranged  each  month, 
which  was  attended  by  all  members  of 
tiie  club  so  inclined.  This  plan  re- 
sulted in  a  small  number  of  large  and 
unwieldy  excursions.  In  the  new  plan, 
which  has  been  in  operation  during  the 
past  year,  excursions  were  arranged  by 
the  individual  members  of  the  club  and 
the  Excursion  Committee  obtained 
passes  requested  by  members.  Passes 
were  not  obtained  for  parties  of  less 
than  10  nor  more  than  15  men,  except 
in  a  few  special  cases.  The  small  num- 
ber in  each  party  insured  adequate  at- 
tention from  the  guide  for  each  man 
in  the  party.  During  the  eight  months 
from  October  i,  1903,  to  June  i,  1904, 
about  45  excursions  were  made  to 
,50  different  plants.  One  man  in  each 
party  was  required  to  write  a  report 
of  the  excursion,  and  these  reports 
have  been  typewritten  and  filed  in  the 
office  of  the  Secretary,  where  they  are 
accessible  to  members  planning  similar 
excursions. 

T.iHUARV  Gii'T — The  Electric  Club 
Library  has  recently  been  increased  by 
a  large  nimiber  of  books  presented  by 
the  D.  Van  Xostrand  Company  of  New 
^'o^k.  The  collection  includes  many 
standard  works  of  reference  by  well- 
known  electrical  and  engineering  writers 
and  published  by  this  company.  The 
usefulness  of  the  library  will  be  greatly 
increased  by  the  addition  of  this  gift. 


That  the  inquiries  from  women  vis- 
itors to  the  Westinghouse  exhibit  at  the 
St.  Louis  Fair  are  not  looked  forward 
to  by  the  "patient  apprentice  who  is  on 
duty  to  instruct  the  ignorant,  is  evi- 
denced   by   the    following   conversation : 

"Pardon  me,  sir,  does  your  com- 
pany  make   electric    heating   irons  ?" 

'T  am  sorry,  madam,  but  we  don't 
make  those  articles." 

"Well,  I  declare!  And  I  thought 
the  Westinghouse  Company  was  such 
a  wonderful  company."  And  the  lady 
turned  her  back  in  disgust. 

A  lady  of  more  intelligent  mein  wan- 
dered up  to  the  aforesaid  patient  youth. 


"Those  are  Cooper  Hewett  lights 
and  those  Bremer  lamps,"  he  said  in 
answer  to  her   inquiries. 

"Of  course  the  Westinghouse  only 
makes  the  best  kind  of  electricity?" 

"There  is  only  one  kind,  madam," 
said  he  of  the  patience. 

"You  mean  to  tell  me  that  that  white 
light  and  that  yellow  light  are  the 
same  ?" 

"One  is  carl;on  and  one,  mercury  in- 
candescence, but  both  caused  by  the 
same   kind   of   electricity." 

"I  don't  understand,  and  I  don't  be- 
lieve you  do,"  she  declared.  "I  sup- 
pose if  a  hen  laid  two  eggs  and  one  was 
bad  and  one  was  good  you  would  con- 
sider them  of  the  same  quality  just  be- 
cause the  same  hen  laid  them." 
Crushed  with  this  unanswerable  logic, 
the  Socrates  of  electrical  philosphy  hur- 
ried to  the  recuperating  assistance  of 
the  nearest  electric  fan. 

An  Apprentice. 


OF  INTEREST  TO  COLLEGE 

MEN 

During  the  past  three  months  the  fol- 
lowing men  have  entered  the  appren- 
tice course: 

For  the  sake  ot  convenience  in  reading, 
the  list  is  classified  by  institutions. 

.\IiM«)5  l{     INSTITITK     Or    TECHNOL- 

o<;v. 

Arthur  Buie. 

G.    W.    Borst. 
Morris   J.    Knapp. 
BALTIMORE       POIATECHXIC       INSTI- 
TITE. 

O corse   F.    W.    Sims. 
m.ISS   EI.ECTKICAI.  SCHOOL,. 

S.    S.    Darrall. 
BROOKLYN       POLYTECHNIC       INSTI- 
TUTE. 

C.  P.  St.   Jolin. 
CASE  SCHOOL   OF  APPLIED  SCIENCE. 

L.    F.    Grant. 

E.    R.   Spencer. 

H.    A.    Kuehlc. 

P.    E.    T^ohnian. 
COLl>l BIA   UNIVERSITY. 

W.    .\.    Daly. 

I.    .Tarcho. 
(iOLOGNE    INIVERSITY,    <;ERMANY. 

H.    Hermann. 
(ORNELL    UNIVERSITY. 

A.    M.   Buck. 

A.   N.   Brutley. 

S.   B.   Cliarters. 

E.    W.    riarkc. 

K.     A.    Smith.    Jr. 

\Vm.    Southwell. 

Roland    S.    Trott. 

George  W.   Walker. 

C.    L.   Wernicke. 
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ELECTRIC  RAILWAY  BRAKING 

By  E.    H.    DEWSON 
Chief  Engineer  of  the  Westinghouse  Traction  Brake  Co. 

WITH  the  introduction  in  electric  railway  practice  of  methofls 
and  equipments  more  and  more  nearly  approaching  steam 
railway  standards,  the  use  of  power  brakes  has  become 
wider  and  more  general.  Their  adaptation  to  the  electric  railway 
car  has  n:ade  possible  the  stage  of  progress  reached  to-day  in  the 
electric  railway  field,  where  large,  heavy  cars  are  being  operated  at 
speeds  which  in  many  instances  are  as  high  as  those  found  in  the 
operation  of  trains  on  our  steam  railways. 

As  was  the  case  in  steam  railway  history,  numerous  friction 
and  clutch  brakes  were  experimented  with  in  the  early  develop- 
ment of  the  electric  railway  car.  At  the  present  time,  however, 
these  types  of  brakes  are  hardly  ever  installed,  having  been  super- 
seded by  power  brakes  of  either  the  air  operated  or  electrically 
operated  type.  In  the  first  air  brakes  used  on  electric  railways, 
the  compressor  supplying  the  air  was  so  arranged  as  to  be  driven 
from  the  axle  by  means  of  gearing.  This  type  of  machine  was 
known  as  the  axle-driven  compressor.  It  is  to-day  largely  super- 
seded by  a  compressor  driven  by  a  separate  electric  motor,  and  of 
this  type  is  the  great  majority  of  modern  air  brake  equipments. 
This  change  came  about  from  two  causes.  In  the  first  place,  the 
axle  driven  compressor  requn-es  considerably  more  care  and  atten- 
tion to  insure  its  proper  maintenance  than  does  the  motor-driven 
machine.  In  the  second  place,  the  high  speeds  at  which  electric  car? 
came  to  be  operated  made  it  advisable  to  adopt  some  other  method 
for  supplying  the  air  than  through  a  machine  driven  from  the  axle. 

The  primary  cause  of  the  introduction  of  power  brakes  was, 
of  course,  the  comparative  degree  of  safety  in  operation  of  cars. 
But  .since  the  general  introduction  of  yjowcr  brakes  in  electric  rail- 
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way  service,  attention  has  been  drawn  to  the  economies  effected  by 
their  use,  and  their  influence  in  increasing  the  earnings  of  the  road. 

When  the  cars  of  an  electric  railway  are  equipped  with  power 
brakes,  it  is  possible  to  operate  s^.fely  at  a  much  higher  speed,  and, 
consequently,  to  maintain  more  frequent  service  without  the  first 
cost  and  the  maintenance  expense  of  the  additional  cars  which  the 
slower  schedule  speed  would  necessitate.  Another  feature  of  the 
air  brake  that  is  of  importance  to  the  electric  railway  manager  is 
the  economy  in  power  consumption  which  comes  as  a  direct  result 
of  the  installation  of  air  brakes.  Tests  made  by  well-known  electric 
railways  in  both  city  and  suburban  service  have  shown  that,  of  two 
cars,  one  equipped  with  air  brakes  and  the  other  not  so  equipped, 
the  hand  brake  car  consumed  from  ten  to  fifteen  percent  more  power 
than  the  air-braked  car.  This  striking  difference  is  due  to  the  prac- 
tice— so  common  and  necessary  with  motormen  who  have  only  a 
hand  brake  on  which  to  depend — of  keeping  the  brake  shoes  close 
to  the  wheels  so  that  they  may  be  able  to  make  a  quick  stop  when  it 
is  necessary  and  be  confident  of  complete  control  of  their  car  at  all 
times. 

The  air  brakes  in  use  on  electric  railways  to-day  may  be  classi- 
fied in  two  ways :  source  of  power  and  manner  of  its  application. 
Under  the  first  classification  the  two  most  popular  types  of  air  brakes 
are  the  motor  compressor  type  and  the  storage  type.  In  the  former 
the  source  of  the  power  is  the  small  motor-driven  compressor 
mounted  on  the  car ;  in  the  latter  the  immediate  source  of  the  power 
is  the  tanks  on  the  car,  which  arc  filled  with  an  air  compressor 
at  stations  along  the  line  of  the  road.  With  reference  to  the  man- 
ner in  which  the  air  is  used  to  operate  the  brake,  we  have  three 
representative  forms  of  air  brakes :  straight,  automatic,  and  a  com- 
bination of  these  two.  In  the  series  of  articles  of  which  this  forms 
the  first  we  shall  discuss  the  motor  compressor  tvpe  of  brake,  first 
taking  up  both  the  straight  and  automatic  forms  of  this  equipment 
and  following  these  articles  by  a  discussion  of  the  storage  air  brake. 

For  cars  which  operate  singly  or  haul  not  more  than  one 
trailer,  the  straight  air  brake  is  generally  used,  and  as  these  repre- 
sent the  service  conditions  present  on  most  of  the  electric  roads  of 
to-day,  the  straight  air  brake  is  the  type  most  commonly  seen.  In 
this  form  of  apparatus  the  air  from  the  compressor  is  stored  in  a 
reservoir,  from  which  it  is  piped  to  an  operating  valve,  and  then 
to  the  brake  cylinder.     In  operating  the  brakes  the  operating  valve 
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is  moved  so  as  to  admit  air  from  the  reservoir  to  the  brake  cyhnder, 
and  in  releasing  the  same,  the  port  from  the  main  reservoir  is  closed 

and  the  air  from  the  brake 
cylinder  allowed  to  exhaust 
into  the  atmosphere. 

A  straight  air  brake  equip- 
ment of  this  type  should  in- 
clude the  following: 
A    motor-driven    air    com- 
pressor which  is  usually 
suspended     beneath     the 
car. 
An  automatic  electric  puni]) 
governor    to    maintain    a 
pressure  in  the  main  res- 
ervoir as  nearly  constant 
as    practicable,    by    stop- 
ping the  compressor  at  a 
predetermined  maximum 
pressure   and    starting   it 
•    when     the     pressure     in 
the   main    reservoir   falls 
below     a     predetermined 
minnnum.     This  govern- 
or   should    be    provided 
with    an   insulating  joint 
and   a   cut-out  cock,   the 
latter  to  cut  it  out  of  the 
system  in  the  emergenc}" 
of  anything  going  wrong 
with  its  mechanism. 
A  fuse  to  protect  the  motor 

compressor  circuit. 
A  snap  switch  for  each  call, 
placing  control  of  the 
electrical  circuit  in  the 
hands  of  the  motorman 
no  matter  at  which  end 
of  the  car  he  may  be. 
A  safety  valve  to  prevent 
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the    possibility    of    over    charging-    the    main   reservoir  or    the 
piping  system. 
An  operating'  valve  for  each  cab  by  means  of  which  the  motor- 
man  can  apply  or  release  the  brake. 
A  duplex  gauge  for  each  cab  tc  indicate  to  the  molorman  tlic 
pressure  in   the  main   reservoir  and  also  that  in   the  brake 
cylinder. 
A  brake  cylinder  provided  with  a  hollow  rod  and  loose  push 
rod  and  crosshead  which  makes  it  possible  to  apply  the  hand 
brake  without  moving-  the  piston,  thus  avoiding  imnccessary 
wear  and  useless  expenditure  of  force. 
A  main  reservoir  for  the  storage  of  compressed  air. 
At  the  present  time  there  are  a  number  of  air  brake  systems 
on  the  market  but  only  two  that  are  well  known  and  widely  used  : 
The  Christensen  Air  Brake,  manufactured  by  the  National  Electric 
Company,  Milwaukee,  Wis.,  and  The  Westinghouse  Air  Brake  man- 
ufactured byThe  Westinghouse  Air  Brake  Company  at  Wilmerding, 
Pa.,  for  the  Westinghouse  Traction  Brake  Company  of  New  York 
Citv.     Each  one  of  these  companies  offers  various  combinations  of 
equipment  with  different  sizes  of  brake  cylinders,  main  reservoirs 
and  compressors  and  different  types  of  operating  valves  to  suit  the 
varying  local  conditions. 

In  order  to  design  an  air  brake  for  a  car  of  any  type  it  is 
necessary  to  know  the  light  weight  of  the  car  including  trucks  and 
motors,  but  without  live  load.  On  this  point  depends  the  size  of 
brake  cylinder  to  be  used  in  order  to  secure,  through  a  scientifically 
designed  system  of  leverage,  the  requisite  pressure  on  the  brake 
shoes.  This  matter  will  be' discussed  in  detail  in  a  later  article, 
but  it  may  be  well  to  say  here  that  the  force  applied  to  the  wheels  of 
free  axles  is  figured  at  ninety  percent  of  the  pressure  of  these  wheels 
on  the  rails,  while  that  applied  to  the  wheels  of  motor  equipped 
axles  is  figured  at  one  hundred.  This  difference  is  due  to  the  ne- 
cessity for  overcoming,  on  the  motor  equipped  axles,  the  rotary  en- 
ergv  of  the  armature  as  well  as  the  momentum  of  the  car.  After 
having  determined  the  size  of  the  brake  cylinder  to  be  used,  the 
next  point  to  be  settled  is  the  size  of  the  compressor  that  should 
be  included  in  the  equipment.  This  depends  on  the  weight  of  car 
or  cars  to  be  braked  and  upon  the  frequency  of  braking.  Another 
important  point  in  deciding  on  the  size  of  compressor,  and  one  that 
is  frequently  overlooked,  is  the  number  of  air-operated  auxiliaries 
to  be  supplied  from  this  source. 
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Whistles  to  be  operated  by  air  taken  from  the  air  brake  supply 
are  frequently  installed  on  electric  cars  and  the  necessity  for  fre- 
quent use  of  these  whistles,  often  of  a  large  size,  will,  in  the  case 
of  a  car  weighing  50,000  pounds  or  over,  in  many  instances,  re- 
quire an  amount  of  air  equal  to  that  used  in  braking'.  In  ad- 
dition to  furnishing'  air  for  the  whistles  the  air-brake  compressor 
is  frequently  called  on  to  supply  air  for  pneumatic  sanders,  trolley 
retrievers,  gate  openers,  and  other  devices  which  are  more  or  less 
extravagant  in  their  use  of  air,  all  of  which  must  be  considered  in 
determining  the  size  of  the  motor  compressor. 

The  main  reservoir  should  have  a  capacity  sufficient  to  supply 
the  air  necessary  for  three  or  four  applications  of  the  brakes  with- 
out a  reduction  of  more  than  twelve  or  fifteen  pounds  in  the  reser- 
voir pressure.  It  is  of  no  small  importance  to  have  a  reservoir  as 
large  as  possible  on  the  car  since  this  will  result  in  considerable 
saving  in  the  cost  of  maintenance  of  the  motor  compressor.  If  the 
reservoir  is  too  small  every  ordinary  application  of  the  brake  will 
bring  the  compressor  into  action,  causing  unnecessary  wear  on  both 
compressor  and  pump  governor.  With  straight  air-brake  equip- 
ments the  pump  governor  is  ordinarily  set  to  stop  the  compressor 
when  a  pressure  of  sixty-five  pounds  is  reached  m  the  reservoh' 
and  to  start  it  when  this  pressure  has  dropped  to  fifty  pounds.  Con- 
sequently the  volume  of  the  main  reservoir  should  be  such  that  the 
withdrawal  of  four  complete  cylmders  full  of  air  will  not  reduce 
the  reservoir  pressure  more  than  twelve  to  fifteen  pounds.  The 
Westinghouse  Traction  Brake  Company  has  established  a  number 
of  standard  sizes  suited  to  the  conditions  offered  by  cars  operated 
singly  and  equipped  with  straight  air  brakes.  These  standards  vary- 
ing from  a  reservoir  16"  in  diameter  and  48"  long  for  an  8"  brake 
cylinder  to  16"  in  diameter  and  84"  long  for  a  14"  brake  cylinder 
represent  what  is  regarded  as  standard  practice  of  to-day. 

The  number  of  cab  equipments  furnished  depends,  of  course, 
on  whether  the  car  is  to  be  operated  from  one  end  only,  or  from 
either  end,  and  constitutes  another  point  to  be  borne  in  mind  in  de- 
signing straight  air  brakes. 

The  advantage  of  the  straight  air  brake  lies  in  its  directness 
and  simplicity  and  in  the  fact  that  it  requires  less  skill  to  make  an 
exact  stop  with  the  straight  air  brake  than  with  an  automatic  air 
brake.  Its  greatest  disadvantage  is  due  to  the  fact  that  in  the  event 
of  a  break  in  the  piping  or  \\\  the  hose  connections  between  the  cars. 
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if  operating"  in  train,  the  motorman  is  left  with  nothing  but  the 
hand  brake  on  which  to  depend.  Another  disadvantage  which  is 
apparent  when  operating  in  trains  is  that  the  brakes  of  the  different 
cars  do  not  act  simultaneously,  due  to  the  frictional  resistance  of 
the  train  pipe,  thereby  causing  a  disagreeable  and  even  dangerous 
bumping   and   jerking   of    the    cars. 

'  (TO  BE  CONTINUED  IN  NOVEMBER) 


FIG.     6 — SPEED-TORQUE     AND     CURRENT-TORQUE     CURVES     OF     POLYPHASE     MOTOR     WITH 
SECONDARIES    OF    DIFFERENT    RESISTANCES 


THE  POLYPHASE  INDUCTION  MOTOR 

PART  II 

By  B.  G.  LAMME 

[Numerous  references  are  made  in  this  installment  to  Fig.  6,  which  ap- 
peared on  page  442  of  the  September  Journal.  For  the  convenience  of  our 
readers   we  have   reprinted  Fig.    6   on   the   opposite   page. — Ed.] 

MOTORS    FOR    VARIABLE    SPEED    WORK 

FOR  variable  speed  work,  such  as  cranes,  elevators,  etc.,  the 
series  of  curves  in  Fig.  6  show  one  method  of  regulating 
the  speed.  By  varying  the  secondary  resistance  over  a  wide 
range,  any  speed  from  zero  to  maximum  may  be  obtained  with  any 
torque  up  to  the  maximum.  This  requires  the  use  of  collector  rings 
and  adjustable  rheostats.  The  variations  in  speed  are  obtained  by 
wasting  energy  in  resistance.  For  a  given  torque  the  same  power 
is  expended  on  the  motor  whether  the  speed  is  zero  or  maximum. 
To  obtain  a  certain  torque  at  start  requires  as  much  power  as  when 
running  at  full  speed. 

An  analysis  of  the  motor  shows  another  way  in  which  the  speed- 
torque  curves  may  be  varied.  In  Fig.  6  all  the  curves  show  a  cer- 
tain maximum  torque  which  is  the  same  in  all  cases;  but  this  is 
with  the  condition  of  constant  primary  electro-motive  force.  By 
varying  the  electro-motive  force  applied  to  the  primary  we  may 
obtain  a  quite  different  series  of  curves.  Taking,  for  example,  a 
speed-torque  curve  of  the  form  a  in  Fig.  ii,  and  applying  a  higher 
electro-motive  force  to  the  primary,  a  curve  is  obtained  of  the 
same  shape  as  a  but  with  a  much  higher  point  of  maximum  torque. 
Lowering  the  applied  electro-motive  force,  the  maximum  torque  is 
lowered.  The  torques  at  any  given  speed  are  raised  or  lowered  in 
the  same  proportion  as  the  maxima  are  varied.  At  any  given  speed 
the  torques  are  proportional  to  the  square  of  the  electromotive  forces 
applied.  This  relation  holds  good  for  any  form  of  the  torque  curve, 
whether  of  the  shape  a,  d  or  c  shown  in  Fig.  6. 

The  current  curve's  are  also  shown  in  Fig.  ii.  They  all  have 
the  same  general  shape,  but  have  different  maximum  values,  these 
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being  proportional  to  the  electromotive  forces  applied.  The  speed- 
torque  curve  a  in  Fig.  1 1  has  the  same  shape  as  d  in  Fig.  6,  which 
gave  too  great  a  drop  in  speed.  In  Fig.  ii.  curve  b,  which  is  the 
same  form  as  a,  gives  less  speed  drop  for  the  same  torque.  Curve 
c  gives  less  than  b,  and  has  fairly  good  speed  regulation  from  no- 
load  up  to  normal  torque  T.  But  this  result  is  obtained  at  the  ex- 
pense of  increased  mduction  in  the  iron,  and  large  no-load  or  mag- 
netizing current,  due  to  the  higher  electromotive  force,  is  required. 
If  it  is  possible  to  obtain  a  speed  torque  curve  like  c  in  Fig.  ii, 
with   the  normal   electromotive  force  applied,  we  can  obtain  good 


FIG.     II SPEED-TORQUE     AND     CURRENT-TORQUE     CURVES     OF     POLYPHASE     MOTOR    WITH 

DIFFERENT    VOLTAGES    APPLIED 

speed  regulation  from  no-load  up  to  the  rated  torque,  and  shall  be 
able  to  start  the  motor  with  the  maximum  torque  it  can  develop. 
Then  by  lowering  the  applied  electromotive  force,  the  same  form 
of  speed  torque  curve  will  be  retained,  but  the  starting  torque  and 
starting  current  may  be  lowered  to  any  extent  desired. 

Variable  Speed  by  Varying  Voltage — Returning  to  Fig.  5*,  it 
was  stated  that  the  peculiar  shape  of  this  curve,  with  the  torque 
falling  rapidly  after  reaching  a  maximum  value,  was  due  mainly  to 
magnetic  leakage  between  the  primary  and  secondary  windings. 
But  if  the  motor  is  so  proportioned  that  the  leakage  is  very  small 
compared  with  the  useful  field,  the  speed-torque  curve  takes,  a  quite 
different  shape.  The  maximum  torque  is  increased  directly  as  the 
magnetic  leakage  is  diminished.  This  is  shown  in  Fig.  12.  Here 
a  is  similar  in  shape  to  curve  a  in  Fig.  6;  b  represents  the  speed- 
torque  curve  with  the  magnetic  leakage  reduced  one-half;  c  repre- 
sents it  with  about  one-half  the  leakage  of  b,  and  d  with  one-hali 
that  of  c. 

In  comparing  Figs.  6  and  12,  it  may  be  noted  that  a  in  one  is 
the  same  form  as  a  in  the  other,  although  drawn  to  a  different  scale. 
•See  page  441,  September  Journal. 
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In  Fig.  12,  b  has  the  same  shape  as  in  Fig.  6,  but  has  a  different 
maximum  vakie.  The  same  is  true  of  curves  c  and  d  in  the  two 
figures.     By  lowering  the  apph'ed  electromotive   forces   for  curves 


FIG.    12 SPEED-TORQUE   CURVES    OF  POLYPHASE   MOTOR,   SHOWING  EFFECT   OF    MAGNETIC 

LEAKAGE.       DOTTED    LINES    SHOW    b,    C,    d    WITH    REDUCED    VOLTAGE 

d,  c  and  h  of  Fig.  12,  so  that  the  maximum  torques  are  equal  to 
that  of  a,  as  shown  by  the  dotted  curves,  we  get  practically  the 
same  curves  as  in  Fig.  6. 

Curve  d,  in  Fig.  12,  gives  as  good  running  conditions  as  curve. 
a  in  Fig.  6,  having  about  the  same  drop  in  speed  at  the  normal 
torque  T.  We  have  then  in  d,  a  curve  which  starts  at  the  point 
of  maximum  torque,  and  which  also  has  a  small  drop  in  speed  at 
the  normal  load.  The  objection  to  this  curve  is  that  the  starting 
current  and  starting  torque,  although  in  the  proper  proportion  to 
each  other,  are  both  much  greater  than  is  necessary  or  desirable. 
By  reducing  the  applied  electromotive  force  at  start,  however,  lower 
torques  and  currents  are  obtainable.  In  this  way  we  may  combine 
good  starting  and  good  running  conditions  in  one  motor  without 
the  use  of  starting  resistances,  and  with  a  secondary  that  has  no 


FIG.      13 — SPEED-TORQUE    AND     CUKRENT-TORQIE     CURVES     OF     POLYPHASE     MOTOR     WITH 
ELECTRO-MOTIVE  FORCE  VARIED  OVER   A   WIDE   RANGE 
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resistance  except  that  of  its  own  windinf^:?.  Fig.  13  shows  the  speed- 
torque  and  current  curves  of  such  a  motor,  with  the  apphed  electro- 
motive force  varied  over  a  considerable  rani^e. 

If  but  one  electromotive  force  is  desired  for  startino-  and  speed- 
ing- up,  and  the  motor  is  then  tc  be  transferred  to  the  working 
electromotive  force,  the  speed-torque  curves  should  preferably  have 
the  shape  shown  in  Fig.  14.  The  motor  starts  with  the  desired 
torque  at  reduced  e.m.f.  and  comes  up  to  almost  rated  speed  be- 
fore switching  over.  This  is  suitable  for  constant  speed  work.  In 
Fig.  14  are  shown  both  the  starting  and  running  speed-torque  curves, 
and  the  currents  both  in  the  motor  and  the  line.  The  line  currents 
are  smaller  than  the  motor  currents  in  the  ratio  of  reduction  of 
electromotive  force  in  the  resrulatinp-  transformers. 


TORQUE 


FIG.     14 BEST    SHAPE    OF    SPEED-TORQUE    CURVE    OF    MOTOR    STARTED    AND    SPEEDED    UP 

WITH    A    SINGLE    REDUCED    VOLTAGE,    BEFORE    BEING   TRANSFERRED 
TO    THE    WORKING    VOLTAGE 

Speed-Torque  Curves  for  Variable  Speed  Work — For  cranes, 
elevators,  and  variable  speed  work  in  general,  curves  of  the  form 
.shown  in  Fig.  15  are  preferable.  The  line  currents  are  also  shown 
in  this  figure.  This  series  of  speed-torque  curves  shows  that  a 
widj  range  of  speed  may  be  obtained  by  proper  variations  of  the 
applied  electromotive  force.  The  line  currents  A,  B,  etc..  prac- 
tically overlap  each  other.  This  means  that  the  line  v:urrent  re- 
quired with  this  method  of  control,  i.>  nearly  constant  for  any  given 
torque,  independent  of  the  speed.  The  same  is  true  of  the  method 
of  control  by  varying  the  secondary  resistance.  It  may  be  noted 
that  the  current  for  starting,  as  on  curve  C,  for  instance,  is  slightlv 
greater  than  that  required  for  running  at  the  same  torque  on  B  orA. 
This  is  due  to  the  speed-torque  cmve  lieing  somewhat  curved  at 
its  outer  end.  \Vith  a  somewhat  higher  resistance  of  the  secondarv, 
the  curves  are  more  nearly  straight,  but  the  drop  in  speed  is  some- 
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what  increased  on  the  speed-torque  curve  for  any  given  electro- 
motive force.  In  practice  a  compromise  is  made  between  the  best 
possible  starting  condition  and  a  condition  of  less  speed  drop. 


TORQUE 


FIG.     15 SPEED-TORQUE    AND     CURRENT-TORQUE     CURVES    OF     MOTOR    FOR    CRANES,    ELR 

VATORS    AND    SIMILAR    VARIABLE    SPEED    WORK    WITH    VOLTAGE    CONTROL.       CURVES 

a,   b,    C,    d,   e,   f  ARE   SPEED-TORQUE   CURVES    WITH    VARIABLE   VOLTAGE 

CURVES,   A,   B,    C,    D,   E,    F    SHOW    THE    CORRESPONDING 

LINE    CURRENTS 

A  comparison  of  the  methods  of  control,  by  varying-  the  sec- 
ondary resistance  and  by  varying-  the  applied  electromotive  force, 
shows  that  they  give  practically  the  same  results  in  regard  to  start- 
ing-, speed  regulation,  etc.  But  a  motor  that  has  been  designed 
for  regulation  by  varying  its  secondary  resistance,  will  generally 
give  very  poor  results  when  an  attempt  is  made  to  operate  it  by 
the  variable  electromotive  force  method.  A  motor  must  be  espe- 
cially proportioned  for  small  magnetic  leakage  when  this  method  of 
control  is  to  be  used.  The  proportions  and  the  arrangement  of  the 
parts  are  such  as  may  class  this  as  a  practicallv  distinct  type  of 
motor. 

Efficiency  and  Power  Factor — We  come  now  to  the  other  char- 
acteristics of  the  polyphase  motor,  the  most  important  of  which  are 
the  efificiency  and  the  power-factor.  The  importance  of  efficiency 
is  generally  appreciated,  but  the  question  of  power-factor  in  most 
cases  appears  to  be  not  thoroughly  understood,  or  else  is  entirely 
overlooked. 

The  efificiency  of  a  polyphase  motor  is  the  ratio  of  the  power 
developed  to  the  true  power  expended,  as  in  any  other  kind  of  a 
machine.  The  power  developed  may  be  obtained  from  the  speed- 
torque  curves.  Tf  the  torque  is  given  for  one  fool  radius,  and  the 
speed  in  revolutions  per  minute,  then  the  product  of  any  given 
torque  by  the  corresponding  speed,  divided  by  5,250  will  give  the 
power  developed  in  horse  power ;  or  torque  multiplied  by  speed. 
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divided  by  seven,  gives  the  power  developed  in  watts.  This  power, 
pkis  the  iron,  copper  and  friction  losses,  gives  the  true  power  ex- 
pended. 

The  power-factor  is  the  ratio  of  the  true  power  to  the  apparent 
power  expended.  This  apparent  power  is  proportional  to  the 
products  of  the  primary  currents  by  the  electromotive  forces.  Tf 
there  is  magnetizing  current,  and  if  the  motor  has  magnetic  leak- 
age, the  primary  currents  are  not  in  phase  with  their  electromotive 
forces,  and  their  products  represent  an  apparent  power  which  is 
greater  than  the  true  energy  expended.  The  current  of  each  cir- 
cuit can  be  considered  as  made  up  of  two  currents,  one  of  which 
is  in  phase  with  the  applied  electromotive  force,  representing  true 
energy,  and  the  other  at  right  angles  to  the  electromotive  force, 
representing  no  energy.  This  right-angled  component  is  the  one 
that  has  an  injurious  efifect  on  the  regulation  of  the  generator,  trans- 
mission lines,  transformers,  etc. 

The  size  of  this  component,  compared  with  the  useful  current, 
may  be  shown  by  a  table : 


Useful 

90 

Desfree 

Power  Factor. 

Total  Current. 

Component. 

Component 

IOC 

100 

100 

0. 

99 

TOO 

99 

14. 2 

98 

100 

98 

19.9 

95 

100 

95 

31.2 

90 

TOO 

90 

4.3-6 

80 

100 

80 

60.0 

70 

TOO 

70 

71.4 

60 

TOO 

60 

80.0 

50 

TOO 

50 

86.6 

40 

TOO 

40 

91.6 

Effects  of  Lagging  Current — At  ninety  percent  power-factor, 
for  instance,  the  current  that  is  lagging  ninety  degrees  behind  the 
electromotive  force  is  equal  to  43.6  percent  of  the  total  current 
flowing.  This  lagging  current  reacts  on  the  generator.  aflFecting 
the  regulation.  In  an  alternating-current  generator,  a  ninety-degree 
lagging  current  in  the  armature  coils  directly  opposes  the  field  mag- 
netization. When  delivering  a  current  at  ninety  percent  power- 
factor,  there  is  over  forty-three  percent  of  this  current  opposing  the 
field,  and  at  eighty  percent  power  factor,  sixty  percent  is  opposing 
the  field.  Tf  the  armature  ampere-turns  are  normallv  twenty  per- 
cent as  great  as  the  field  ampere-turns,  then  a  load  of  eighty  pei- 
cent  power-factor  will  give  an  opposing  magnetization  in  the  arma- 
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ture  of  about  sixty  percent  of  the  total  armature  ampere-turns,  or 
about  twelve  percent  of  the  total  field,  and  the  armature  electro- 
motive force  will  be  lowered  approximately  that  percent  more  than 
with  a  load  of  one  hundred  percent  power  factor. 

The  inductive  effects  of  the  lagging  current  in  the  transmission 
circuits  and  transformers  are  much  more  serious  than  those  from  a 
current  that  is  in  phase  with  the  electromotive  force.  The  gener- 
ator, transformers,  lines  and  motors  also  have  increased  losses,  due 
to  the  large  current  required  when  the  power-factor  is  low.  An 
eighty  percent  power-factor  in  a  system  means  losses,  due  to  heating 
of  conductors,  more  than  fifty  percent  greater  than  those  with  one 
hundred  percent  power-factor.  These  figures  indicate  the  import- 
ance of  good  power-factors  in  an  alternating  current  system. 


75  H. P.  TYPE  C  MOTOR 
3000  AITS.,  6  POLES 


ICO 

I 


400      500      COO      700      800      OQO     1000 
P(iunds  Torque  at  i  Foot  Radius 


1-IG.    l6 PERI-ORMANCE    CURVES    OF    A    75-HI'    TYPE    C    MOTOR 

Magnetizing  Current  and  Magnetic  Leakage  determine  Power- 
Factor — The  lagging  or  ninety-degree  component  of  the  current  in 
a  motor  depends  upon  the  amount  of  the  no-load  or  magnetizing 
current,  and  upon  the  magnetic  leakage.  Let  this  lagging  com- 
ponent be  expressed  in  percent  of  the  total  current.     Also  express 


510 


THE  ELECTRIC  CLUB  JOURNAL 


the  niat^netizitii^-  current  in  percent  of  the  total  current, 'and  the  total 
magnetic  leakage  in  percent  of  the  total  primary  induction.  Then 
the  sum  of  the  percents  of  magnetizing  current  and  magnetic  leak- 
age represents  very  closely  the  percent  of  the  lagging  component 
of  the  primary  current.  If,  for  example,  the  magnetizing  current 
is  30  percent  and  the  leakage  is  14  percent,  the  resulting  lagging 
component  is  about  44  percent.  From  the  preceding  table,  this  in- 
dicates about  90  percent  power-factor.  A  low  leakage  and  a  high 
magnetizing  current  may  give  the  same  power-factor  at  full  load 


FIG.    17 PERFORMANCE   CURVES   OF   A  4OO-HP  TYPE    C    MOTOR 

as  a  high  leakage  and  low  magnetizing  current;  but  at  half  load, 
the  percent  magnetizing  current  is  practically  doubled,  while  the 
percent  magnetic  leakage  is  halved.  Hence,  a  low  magnetizing 
current  is  of  great  importance  in  maintaining  a  high  power-factor. 
If  a  high  value  of  power- factor  over  a  wide  range  is  desired,  then 
both  the  leakage  and  magnetizing  current  must  be  low. 

Voltage    Control   versus   Rheostatic    Control — The   method    of 
control   by  varying  the   primary   electromotive   force   is   dependent 
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upon  the  fact  that  the  motor  has  a  low  magnetic  leakage.  By  using- 
certain  proportions  and  arrangements  of  the  windings  on  the  pri- 
mary and  secondary,  the  magnetizing  current  may  be  made  com- 
paratively low.  Thus  both  conditions  for  good  power-factor  are 
obtained. 

With  the  method  of  control  by  varying  the  secondary  resist- 
ance, good  power-factors  may  be  obtained.  But  the  form  of  sec- 
ondary winding  required  when  variable  resistances  are  used,  tends 
to  reduce  both  the  power- factor  and  the  maximum  torque. 

Best  Form  of  Secondary  IViiidiiig — An  elaborate  series  of  tests 
was  made,  to  determine  the  best  type  of  winding  for  the  secondary 
of  a  polyphase  motor.  First,  two  circuits  were  arranged  to  give 
secondary  phases  ninety  degrees  apart.  The  starting,  running  and 
maximum  load  conditions  were  determined.  Then  a  three-phase 
secondary  winding  was  used.  This  gave  a  higher  pulling-out  torque 
and  better  power-factor  than  the  two-phase.  Four  phases  were 
tried,  and  were  better  than  three ;  and  six  were  better  than  four. 
Then  twelve  phases  were  tried,  with  a  gain  over  six  in  the  maxi- 
mum torque,  but  not  much  gain  in  efficiency.  The  power-factor 
was  somewhat  improved.  Finally  the  winding  was  completely  short- 
circuited  on  itself,  all  coils  being  connected  to  a  common  ring.  This 
gave  a  further  increase  in  maximum  torque  and  power-factor  over 
the  preceding  arrangement,  but  there  was  very  little  gain  in  effici- 
ency. The  same  primary  was  used  in  all  these  tests.  Each  time 
the  number  of  secondary  circuits  was  increased,  the  power-factor 
was  somewhat  improved.  This  was  due  to  the  fact  that  the  sec- 
ondary currents  were  able  to  so  distribute  themselves  that  the  local 
electromotive  forces  in  the  coils,  due  to  leakage,  were  diminished ; 
or,  the  magnetic  leakage  may  be  considered  to  have  been  dimin- 
ished. This  would  necessarily  give  higher  pulling-out  torques  and 
higher  power-factors. 

Best  Form  of  Primary  Windings — Very  complete  tests  were 
also  made  to  determine  the  best  form  of  primary  winding,  and  a 
certain  method  of  distribution  of  the  coils  was  found  to  dimini-h 
the  primar\  magnetic  leakage  very  consideraljly.  This  somewhat 
increased  the  maximum  torque  and  the  power- factor.  Utilizing 
the  arrangements  of  the  primary  and  tlie  secondary  windings  just 
described,  and  otherwise  proportioning  for  small  magnetic  leakage, 
a  motor  may  be  obtained  that  has  a  comparatively  low  total  in- 
duction, and  yet  has  a  magnetic  leakage  of  but  a  few  percent.     The 
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low  induclion  allows  a  small  magnetizing  current  and  comparatively 
low  iron  losses.  l"he  low  leakage  gives  a  liigh  pulling-out  torque, 
and  thus  allows  a  good  speed  regulation,  and  also  good  starting 
conditions,  by  varying  the  applied  electromotive  force. 

Motors  for  Constant  Spef.d  Work. 

Motors  that  are  adapted  for  operation  under  the  conditions  of 
variable  applied  electromotive  forces,  with  constant  secondary  re- 
sistance, nnist  have  the  special  forms  of  speed-torque  curves  shown 
in  I'igs.  12  and  15,  and  they  may  therefore  be  considered  as  form- 
ing a  distinct  type.  In  Westinghouse  manufacture  this  type  has 
received  the  name  Type  C.  The  Type  C  motor  is  always  char- 
acterized by  low  magnetic  leakage  and  consequent  high  pulling- 
out  torque.  The  secondary  has  no  adjustable  resistance,  and  all 
regulation  is  obtained  by  varying  the  adjustable  electromotive  force. 
The  secondary  is  made  the  rotating  part,  on  account  of  the  type 
of  winding  used,  which  consists  of  copper  bars  placed  in  tunnels 
or  slots  in  the  core,  and  bolted  to  two  end  rings.  There  are  no 
bands,  and  the  question  of  insulation  is  of  very  little  importance, 
for  the  maximum  secondary  electromotive  force  does  not  excee<<' 
three  volts  in  a  500  horse-power  motor,  and  is  less  with  smaller 
sizes. 

Advantages  of  Type  C  Motors — This  type  of  motor  possesses 
several  distinct  advantages  over  other  forms  of  polyphase  motors. 
The  method  of  control,  by  varying  the  electromotive  forces  applied 
to  the  motor,  leads  to  two  very  important  advantages,  one  of  which 
is  mechanical  and  the  other  electrical.  With  this  method  of  con- 
trol there  are  no  regulating  appliances  on  the  motor  and,  in  conse- 
quence, it  may  be  of  the  simplest  possible  form.  The  electrical 
advantage  is  that  the  motor  may  be  started  and  controlled  from  a 
distance.  Thus  it  may  be  placed  entirely  out  of  the  reach  of  the 
operator.  On  traveling  cranes,  for  example,  this  is  of  special 
advantage,  for  in  this  case  only  the  primary  wires  need  be  run  from 
the  operator's  cage  to  the  motor.  If  there  are  several  motors  on 
the  crane,  there  may  be  one  wire  common  to  all  the  motors,  ana 
but  two  additional  wires  per  motor  are  required.  Thus,  for  three 
motors,  a  minimum  of  seven  trolleys  wires  may  be  used. 

If  the  variable  electromotive  forces  are  obtained  from  trans- 
formers, the  switches  for  operating  several  motors  may  be  wired 
to  one  set  of  transformers,  and  the  motors  may  be  started   and 
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regulated  independently.  For  traveling-  cranes  only  one  set  of  trans- 
formers is  used  for  the  hoisting,  hridge  and  traveling  motors,  and 
this  set  may  supply  currents  at  different  electromotive  forces  to  all 
the  motors  at  the  same  time.  A  further  advantage  possessed  by 
this  motor  lies  in  the  high  puUing-out  torque.  If  a  heavy  over- 
load, or  a  load  having  great  inertia,  is  suddenly  thrown  on  a  motor 
that  has  a  speed-torque  curve  like  a  in  Fig.  6,  the  point  of  maximum 
torque  may  be  passed  for  an  instant,  and  the  motor  will  be  stopped 
unless  the  load  is  quickly  removed.  A  Type  C  motor  in  this  case 
would  have  its  speed  pulled  down  for  a  moment,  but  this  reduc- 
tion in  speed  gives  an  increased  torque,  thus  enabling  the  motor 
to  carry  the  overload. 

If  the  electromotive  force  of  the  system  is  suddenly  lowered, 
the  pulling-out  torque  of  the  motors  is  lowered  verv  materially.  A 
reduction  of  twenty  percent  in  the  electromotive  force  will  lower 
the  pulling-out  torque  to  about  two-thirds  of  its  former  value. 
Even  with  a  temporary  dirop  in  the  electromotive  force,  such  as 
would  be  caused  by  a  momentary  short  circuit  on-  the  lines,  this 
may  be  sufficient  to  stop  the  motor.  But  a  motor  that  has  a  pulling 
out  point  several  times  as  large  as  its  normal  running,  torque  is 
very  rarely  in  danger  of  being  shut  down  from  this  cause.  This 
type  of  motor  has  a  starting  torque  from  two  to  four  times  as  large 
as  the  full  load  running  torque,  and  it  is  thus  able  to  start  any 
kind  of  load.  In  practice  the  starting  torque  is  adjusted  to  the 
load  to  be  started,  by  applying  a  suitable  electromotive  force,  as 
will  be  explained  below. 

A  last,  but  not  least,  advantage  of  the  Type  C  motor  is  its 
adaptabilitv  for  large  sizes.  The  larger  the  motor  of  this  type, 
the  lower  in  proportion  can  be  its  magnetic  leakage  and  its  mag- 
netizing current.  In  consequence,  the  nower  factors  are  very  high. 
The  efficiencies  are  also  very  good  over  a  wide  range  of  load. 
The  curves  for  a  seventy-five-horse-power,  six-pole,  3,000  alterna- 
tion motor  are  given  in  Fig.  16;  also,  the  curves  for  a  400-horse- 
power,  2,300  volt,  eight-pole,  3,000  alternation  motor  in  Fig.  17. 
The  power- factors  of  these  motors  are  good  examples  of  v/'/at  can 
be  obtained  on  large  motors  of  this  type. 

[Owine  to  the  Icngtli  of  Mr.  I.amme's  article  it  will  he  impos.sihle  to 
conclude  it  in  this  issue  of  the  Journal  as  orisinally  inten<lttl.  The  article 
will   be  concluded  in  the  November  issue.] 


THE  SINGLE-PHASE  RAILWAY  MOTOR 

By  C.  R.   DOOLEY 

A    RKVllCW    OF    THK    MOKE    IMPORTANT    FEATURES    OF    THE 
ALTERNATING-CURRENT    RaIlWAY    MOTOR 

ALTHOUGH  much  has  been  written  of  the  shigle-phase  rail- 
way, its  principles  of  operation  and  the  economies  to  be 
effected  by  its  use,  many  persons  connected  with  electrical 
industries  are  still  inclined  to  regard  it  as  something"  vague  and 
mysterious,  something  entirely  new  and  different  from  the  present 
direct-current  railway  motor. 

It  is  a  matter  of  everyday  experience  that  if  the  current  in  both 
field  and  armature  of  a  direct-current  series  motor  is  reversed,  the 
direction  of  rotation  of  the  armature  will  be  unchanged.  H  the  cur- 
rent supplied  to  such  a  motor  were  reversed  once  an  hour  or  once  a 
minute,  we  would  not  expect  to  find  any  essential  difference  in  the 
operation  of  the  motor,  and  with  more  frequent  reversals  of  the 
current  the  same  principles  in  general  should  apply.  With  a  direct 
current  rapidly  reversed,  an  effect  similar  to  that  produced  by  an 
alternating  current  is  obtained  and  therefore  it  is  only  natural  to 
expect  that  alternating  current  applied  to  a  direct-current  series 
motor  should   produce  continuous   rotation  of  its  armature.     It  is 

c  upon    this    fact   that   the   operation 

,Q         \  of   the  single-phase   railway  motor 

depends. 

While  in  general  a  series  motor 

will    operate    with    alternating-cur- 

j^  ,  rent    as    well    as    with    direct-cur- 

p  ^ rent,    yet    there    are    certain    phe- 

p.    ,  nomena  peculiar  to  alternating-cur- 

rents that  make  the  practical  oper- 
ation of  the  motor  a  more  difficult  problem  than  one  might  imagine 
from  the  above. 

One  of  these  phenomena  is  the  loss  which  occurs  in  any  solid 
iron  core  if  the  magnetism  is  rapidly  changed  in  strength  or  reversed 
in  direction.  This  loss  can  be  greatly  reduced  if  the  iron  core  is 
made  laminated  instead  of  solid.     With  alternating  current  flowing 
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in  the  coils  of  a  motor,  the  magnetism  induced  will  of  course  vary  in 
strength  and  direction  as  the  current  varies.  Hence  in  order  that 
the  series  motor  may  operate  satisfactorily  with  alternating  current, 
Ihe  masfnetic  circuit  must  be  laminated. 
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ARMATURE    OF    A     ISO     HP    SINGLE-PHASE    ALTERNATING-CURRENT     RAILWAY     MOTOR 

A  more  serious  difficulty  due  to  the  alternating  magnetism  is 
the  transformer  action  which  occurs  between  armature  and  field. 
Let  C  D  (Fig.  i)  l:)e  an  armature  coil  in  a  two-pole  machine,  at  posi- 
tion of  commutation.  Owing  to  the  passage  of  alternating  mag- 
netic flux  from  one  pole  to  the  other,  there  will  be  a  voltage  induced 


ARMATURE   OF   A    I  50    HP    DIKECT-CUKKENT    KAU.WAV    MOTOR 

in  each  of  the  various  armature  coils  by  transformer  action,  entirely 
independent  of  their  speed  of  rotation.  This  voltage  will  be  dif- 
ferent in  the  different  coils,  depending  on  iheir  position,  and  will  be 
a  maximum  in  the  coil  ("  1)  which  is  at  right  angles  to  the  lUix  and 
zero  in  the  position  A  B. 

As   each   commutator  bar  passes   under  a  brush   an   armature 
coil  is  momentarilv  short-circuited. 
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The  armature  coils  are  thus  short-circuited  consecutively  in  the 
positions  where  the  fjcreatest  e.m.f.,  due  to  the  transformer  action, 
is  induced  in  them.   The  result  is  an  excessive  current  in  each  coil  at 
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the  moment  it  is  commutated,  in  much  the  same  manner  as  results  in 
an  ordinary  transformer  having  a  short-circuited  coil,  and  this  cur- 
rent may  be  several  times  as  great  as  the  working  current  and  would 
be  disastrous  to  commutation  and  also  would  be  a  source  of  exces- 
sive armature  heating  from  the  short-circuited  coils  if  means  were 
not  taken  to  prevent  or  reduce  it.  Other  things  being  constant,  the 
value  of  this  induced  e.m.f.  will  be  proportional  to  the  frequency  of 
the  alternating  current  supplied  and  therefore  the  alternating  current 
motor  is  most  easily  designed  for  low  frequencies.  The  first  designs 
1)\  Mr.  Lamme  were  built  for  2,000  alternations,  but  later  develop- 
ments, such  as  the  auxiliary  field  winding  arranged  between  the 
poles  in  such  a  manner  as  to  have  a  neutralizing  efifect  upon  the  self- 
induction  of  the  armature,  have  made  good  performance  possible 
on  3,000  alternations,  which  is  happily  the  standard  frequency  used 
in  the  majority  of  present  installations  of  power  transmission. 

In  general  appearance  the  alternating-current  railway  motor 
closely  resembles  the  direct-current  railway  motor;  in  fact,  the  re- 
semblance in  many  details,  as  well  as  in  operating  characteristics,  is 
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most  surprising.  The  frame  of  the  alternating-current  railway 
motor,  like  that  of  the  direct-current  motor,  is  of  cast  steel,  but  the 
entire  magnetic  part  of  the  field  (poles  and  yoke)  is  laminated. 
This  differs  from  the  direct-current  motor,  where  the  poles  alone 
are  laminated  and  the  cast  steel  frame  also  acts  as  the  magnetic 
yoke.  Like  the  direct-current  railway  motors,  the  alternating-cur- 
rent motors  in  general  have  four  poles,  although  a  greater  number 
is  used  in  the  larger  sizes.  The  poles  of  the  alternating-current 
motor  are  shorter  than  those  of  the  direct-current  motor  and  carry 
only  a  few  turns  of  heavy  strap  winding. 

The  armature  is  in  all  essentials  similar  to  that  of  the  direct- 
current  motor,  having  much  the  same  general  dimensions  and  fitted 
with  the  same  commutator.  Instead  of  only  two  brush  arms,  how- 
ever, the  lower  voltage  and  consequently  larger  current  motors  of 
the  alternating  t}"]5e  require  one  set  of  carbon  brushes  per  pole,  in 
order  to  avoid  excessive  commutating  current.  The  armature  and 
field  coils  are  connected  in  series  precisely  the  same  as  in  the  direct- 
current  motor,  but  there  is  an  auxiliarv  field  in  addition  which  is  also 
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placed  in  series  with  tlu'  main  \\vh\  ami  armature.  Tlie  speed  and 
tonpic  curves  of  an  alternating-current  muior  are  shown  in  I'ig.  _' 
and  a  similar  set  of  curves  taken  on  a  (Hrect-ctu'rent  motor  of  the 
same  size  is  shown  in  b'ig.  3.     These  curves  will  readil\   be  seen  to 
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be  of  the  same  general  character.  It  ma}'  be  noted  in  this  consider- 
ation of  general  performance  that  while  both  the  alternating  and 
direct-current  motors  require  some  controlling  device  whereby  the 
motor  is  started  under  a  reduced  voltage,  yet,  should  energy  condi- 
tions require  it,  the  alternating-current  motor  may  be  started  on  full 
voltage  with  small  danger.  The  direct-current  motor  nuist  always 
be  started  on  a  reduced  voltage. 

For  small  equipments  a  controller  similar  to  that  used  in  direct- 
current  equipments  is  recommended.     Here  the  controller  drum  cuts 
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FIG.    2 SPEED  AND   TORQUE    CURVES   OE   AN   ALTERNATING-CURRENT    RAILWAY    MOTOR 


in  and  out  successive  taps  on  the  transformer  in  a  similar  manner  as 
the  series  resistance  is  cut  in  and  out  in  the  case  of  direct-current 
motors.  Thus  all  losses  from  series  starting  rheostats  are  entirely 
eliminated. 

For  large  equipments  the  controller  takes  the  form  of  an  induc- 
tion regulator  and  is  in  short  a  boosting  transformer  placed  in  series 
with  the  motor.  This  transformer  or  regulator  l)oosts  up  or  down, 
depending  upon  the  relative  position  of  the  regulator  primary,  which 
is  movable  and  is  operated  from  the  motorman's  cab. 

The  alternating-current  motor  is  reversed  in  precisely  the  same 
manner  as  the  direct-current  motor;  that  is.  by  reversing  the  relative 
series  connection  between  the  armature  and  field  coils. 


SINGLE-PHASE    RAILWAY    MOTOR 


519 


The  ratings  given  to  the  alternating-current  motors  corre- 
spond closely  to  the  ratings  given  to  similar  sizes  of  direct-cur- 
rent motors.  The  rated  load  may  be  defined  as  such  a  load  which 
the  motor  will  carry  at  rated  voltage  for  one  hour  with  a  rise  in 
temperature  in  the  windings  of  approximately  75°,  temperatures 
measured  by  thermometer.  In  general  the  motor  will  carry  contin- 
uously from  45  to  50  percent  of  its  full-load  current  at  the  reduced 
average  voltage  in  service. 
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FIG.    3 SPEED   .AND    TORQUE    CURVES    OF    A    DIRECT-CURRENT    RAILWAY    MOTOR 

In  considering  the  power-factor  of  the  alternating-current  rail- 
way motor,  it  must  not  be  confused  with  the  power-factor  of  an 
induction  motor.  In  the  case  of  an  induction  motor  there  is  a  large 
inductive  element  and  in  order  to  produce  a  good  torcjue.  not  only 
a  heavy  current  must  be  drawn  from  the  line,  but  also  considerable 
real  energy.  In  the  alternating-cui'rent  motor  the  torque  depends 
on  the  current  only,  and  a  large  torque  at  low  speed  requires  but 
little  real  energy.  Therefore  the  power-factor  of  an  alternating- 
current  railway  motor  is  low,  not  because  there  is  a  large  inductive 
component,  but  because  there  is  a  small  energy  component. 

The  operation  of  a  direct-current  railway  system  has  been  emi- 
nentlv  satisfactor\-  for  two  reasons :     First,  the  direct-current  series 
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motor,  owing  to  its  variable  field  has  speed-torque  characteristics 
particularly  suitable  for  railway  work.  Second,  only  a  single  trollev 
is  required.  With  the  establishment  of  long  trolley  lines  came  the 
problem  of  transmission  which  was  solved  by  the  use  of  alternators 
at  the  generating  station  and  rotary  converters  at  sub-stations  along 
the  line.  The  rotary  converter  has  been  well  termed  the  weakest 
link  in  the  chain.  It  is  costl\-  to  install  and  expensive  to  operate 
I)artl\-  on  account  of  loss  of  power  but  more  especially  on  account 


UlIAR   VIEW    OF    150    IIP    DIRICCT-CURRENT   RAILWAY    MOTOR 

of  the  constant  and  skillful  attendance  necessary.     It  is  the  element 
most  likely  to  interfere  with  continuous  operation. 

It  has  been  the  endeavor  then,  in  the  development  of  the  alter- 
nating current  motor,  to  perfect  a  moteir  that  may  be  Operated  di- 
rectly from  the  alternating-current  transmission  line,  and  at  the  same 
time  give  the  satisfactory  perfornKincc  tk.at  the  direct-current  motnr  i  - 
giving.  Such  a  motor  as  is  now  being  installed  on  a  number  of  roads 
by  the  Electric  Company,  represents  the  latest  development  and  offers 
several  advantages.  Tlie  most  notable  saving  is  through  the  elim- 
ination of  all  intervening  rotating  machinery,  thus  lessening  the  at- 
tendance necessary  at  the  sub-station,  as  well  as  avoiding  one  of  the 
greatest  sources  of  trouble.  A  hi^h  trolley  voltage  is  employed 
effecting  a  saving  in  the  line  construction.  No  power  is  lost  in 
starting  or  running  at  reiluced  speeds,  the  motor  can  therefore  be 
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run  continuously  on  any  intermediate  speeds.  In  addition  it  will  be 
remembered  tbat  tbe  alternating-current  motor  possesses  tbe  same 
speed-torque  cbaracteristics  as  the  direct-current  motor  and  is  oper- 
ated from  a  sini^le  trollev. 


REAR    VIEW    OF    ISO    HP    SINGLE-PHASE    ALTERNATING-CURRENT    RAILWAY    MOTOR 

It  is  notable  that  the  single  phase  apparatus  does  not  involve 
radical  changes  such  as  would  be  experienced  if  the  new  system 
used  polyphase  currents  and  induction  motors,  but  that  it  retain^ 
the    essential    elements    of    the    direct-current    svstem. 


SHOP  TESTING  OF  GAS  ENGINES 

By  E.   E.  ARNOLD 

SHOP  testing  of  gas  engines,  and  in  fact  of  anv  form  of  prime 
mover,  may  be  divided  into  two  classes,  viz: — (a)  Special 
or  research  testing  of  new  designs  for  special  service,  in 
which  many  refinements  may  be  entered  into;  and  (b)  Regular 
commercial  testing  of  the  standard  product,  tlie  success  of  which  de- 
pends largely  upon  its  economic  performance. 

The  latter  class  should  be  conductecl  by  every  manufacturer  of 
machinery  on  account  of  its  particular  interest  to  the  commercial 
engineer  and  the  prospective  buyer  from  the  standpoint  of  insuring 
more  perfect  operation  and  an  authoritative  record  of  economy  before 
the  engine  leaves  the  builder's  hands.  Testing  of  this  nature  should, 
of  course,  be  conducted  so  as  to  approximate  as  nearly  as  i^ossible 
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every-day  working  conditions,  and  the  results  should  be  determine.! 
with  Cf)mmcrcial  accuracy,  but  without  undue  complication  of  the 
apparatus  involved. 
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This  can  bcsc  be  acconiplislied  by  employing  onl\-  the  simplest 
methods  and  apparatus,  \vhich  of  themselves  will  greatly  eliminate 
instrumental  and  personal  error  and  at  the  same  time  render  the 
records  comprehensive  by  the  exclusion  of  all  extreme  refinements. 


SECTIONAL    ELEVATION    OF    GAS    ENGINE    TESTING    FLOOR 

Eqiiipnioit. — The  first  consideration  for  a  shop  testing  systens 
should  be  a  suitable  foundation  upon  which  various  sizes  of  engines 
may  be  easily  and  substantially  erected.  Sources  of  gas,  water,  and 
air  supply,  electric  igniting  circuits,  and  exhaust  connections  should 
be  easily  accessible. 

Such  a  testing  floor  is  shown  in  plan  and  elevation  in  Fig.  i, 
and  consists  of  simple  longitudinal  and  transverse  T-slotted  surface 
plates  laid  upon  a  solid  concrete  block.  Two  fly-wheel  pits  are  pro- 
vided in  the  concrete,  which  may  be  utilized  by  lifting  the  section  of 
surface  plate  immediately  above  them.  The  T-slots  of  the  surface 
plates  serve  the  double  purpose  of  taking  the  heads  of  holding-down 
bolts,  and  of  acting  as  a  drainage  system  by  connecting  with  the 
gutters  extending  along  either  side. 

Gas  meters  and  gas  regulators  of  various  sizes  are  arranged  in 
tiers  upon  brackets  on  either  side  of  a  row  of  colunms.  These  col- 
umns also  support  the  water  and  air  pipes,  which  terminate  with 
snap  couplings  near  the  floor. 

Several  sources  of  ignition  current  are  available,  such  as  storage 
batteries,  low  voltage  magnetos,  and  small  independent  lOO-volt  gen- 
erators; and  as  an  emergency  source,  the  switchboards  are  connected 
to  the  direct-current  shop  power  circuits. 
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The  exhaust  line  is  laid  in  a  pit  between  the  line  of  columns 
and  the  surface  plates  and  is  provided  with  openin.s^s,  each  of  which 
may  be  closed  by  a  butterfly  valve  to  prevent  the  escape  of  exhaust 
gases  into  the  shop  or  to  allow  them  to  pass  through  other  engines 
which  may  be  connected  up  but  not  running.  The  portable  appara- 
tus used  in  conjunction  with  the  floor  and  its  fittings  is  duplicated  in 

various  capacities.  Pronv  brakes  and  in- 
dicator riggings  are  provided  for  each 
size  of  engine  manufactured  so  as  to  be 
easily  applied  with  a  minimum  waste  of 
time  in  adjustments.  The  instruments 
used  are:  indicators,  calorimeters,  speed 
recorders  and  tachometers. 
'^ItiS^^^^Kf^  Conduct    of    Test. — A    clear   under- 

standing of  the  methods  of  commercial 
THREE-cvLiNDER  GAS  ENGINE  tcstlug  may  bc  bcst  obtaiucd  by  follow- 
ing through  a  test  on  some  particular  engine.  Take,  for  instance,  a 
175  horse-power,  three-cylinder,  vertical-type  engine.  Run  to  be 
made  on  natural  gas.  The  engine  is  new  and  after  it  is  set  up  on 
the  testing  floor  with  its  valves  set  in  standard  position,  it  must  be 
run  a  short  time  without  load  and  then  with  load  for  another  brief 
period  in  order  to  wear  off  its  initial  stiffness.  As  soon  as  the  bear- 
ings are  in  good  running  condition- permanent  adjustments  are  made 
for  continuous  running. 

A  preliminary  run  is  now  made  in 
which  the  load  is  applied  to  the  ultimate 
capacity  of  the  engine;  speeds  arc  taken  at 
various  loads  and  the  governor  is  set  to 
give  the  required  regulation.  Gas  readings 
are  taken  for  the  purpose  of  adjusting  the 
mixture.  In  the  test  run  it  is  customary  to 
take  the  rated  load  first,  then  the  over-load 
(which  should  be  about  15  per  cent  above  'wo-cvund..:«  gas  e.ngine 
the  rated  capacity  of  the  engine)  then  the  half-load,  and  finally  the 
no-load.  This  routine  is  followed  for  two  reasons :  First.  After 
the  test  is  once  started  the  gas  adjustments  must  remain  unchanged. 
It  is  obvious,  therefore,  that  the  adjustments  should  be  made  when 
the  engine  is  developing  its  rated  capacity.  Second.  The  normal 
speed  of  the  engine  is  adjusted  for  its  full-load  operation  and  a  regu- 
lation curve  determined  within  certain  limits  above  and  below  this 
point. 
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Without  entering  into  a  detailed  description  of  the  readings 
taken  during  one  of  these  runs,  a  sample  log  sheet  is  here  given 
which  shows  a  complete  test  upon  the  type  of  engine  above  referred 
to.  It  will  be  seen  from  this  that  the  essential  points  to  be  deter- 
mined are,  in  order  of  significance:  (a)  the  measurement  of  the 
loads  upon  the  engine  by  means  of  the  prony  brake,  (b)  the  speed 
in  revolutions  per  minute,  (c)  the  accurate  observation  of  the  time  of 
start  and  finish  of  the  test  taken  to  the  nearest  second,  (d)  the  read- 
ing of  the  gas  meter  and  consequent  determination  of  the  cubic  feet 
power  hour  at  the  different  loads.  Corrections  must  be  made  for 
pressure  and  temperature,  which  are  observed  by  manometer  and 
thermometer  at  the  gas  meter.  The  performance  of  the  engine  is 
finally  expressed  in  terms  of  British  Thermal  Units  contained  in  a 
cubic  foot  of  gas,  and  for  this  determination  a  tap  is  run  off  the 
main  gas  line  and  a  Junker  calorimeter  used  from  time  to  time.  The 
values  thus  recorded  serve  for  all  the  tests  being  run  at  approxi- 
mately similar  times,  as  it  has  been  observed  that  the  gas  varies  but 
slightly  from  day  to  day. 
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Indicator  cards  are  taken  from  each  cylinder  during  the  various 
runs  and  copies  of  these  for  the  typical  runs  are  posted  in  the  record 
books  with  the  log  sheets.     Occasionally  indicated  horse-power  is 
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calculated  from  these  cards,  but  as  a  general  rule,  unless  special  tests 
are  being  run,  the  cards  are  used  only  to  check  up  valve  settings, 
and  to  more  or  less  indicate  whether  proper  combustion  is  taking 
place  in  the  cylinders. 

Results  of  a  Test — The  log  sheet  and  curves  for  a  very  complete 
test  on  a  175  horse-power  engine  are  given  below,  and  these  show  in 
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this  instance  a  very  fine  performance.  It  will  be  seen  from  this 
that  the  curve  of  total  gas  consumption  is  nearly  a  straight  line, 
while  the  curve  of  gas  per  horse-power  differs  somewhat  from  that 
of  the  corresponding  curve  of  steam  consumption  in  the  steam  en- 
gine, inasmuch  as  it  indicates  a  progressive  lower  consumption 
up  to  the  ultimate  capacity  of  the  engine.  In  this  test  natural  gas 
was  used,  averaging  990  total,  and  905  effective,  British  Thermal 
Units  per  cubic  foot.  At  full-load  the  heat  consumption  is  approxi- 
mately 9800  British  Thermal  Units  per  brake-horse-power.  The 
mechanical  efificiency  of  the  engine  at  this  load  is  87.2  percent  and 
the  kinetic  or  useful  efificiency,  based  upon  these  figures,  something" 
ove.  26  percent.* 

It  is  often  stated  that  the  efificiency  of  the  gas  engine  cvcle  may 
be  very  remarkable  and  unapproachable  by  other  forms  of  heat 
engines,  but  that  it  cannot  compete  with  other  prime  movers  at  light 


30000  I 

25000  " 

J 

20000  ,r 


±     30 

J" 
li  20 

6 


[ ,  ,M 

1 

r" 



4 

— 

— ' 

-^ 

^_ 

s^ 

7 

^tv°i 

:^ 

■ 

/ 

1^ 

r=i 

^ 

h<^ 

^j 

^  < 

^ 

I 

'^' 

P 

"^ 

''01,, 

.  "^ 

^•^-~~JSr^^^ 

^ 

L— -^ 

[-*-= 

■t^ 

~t7 

— 

1 

b>':: 

r- 

"' 

" 

T.'^ 

L  R 

—  ■  - 

—  ■ 

=5 

^ 

^ 

^ 

L^      1      1 

Prictkn 

2 
1  RP 

25    ■• 

5 

5 
2 

5 

5 

5 
0 

1 

10 
5 

L  1- 
B. 

5 

L  P. 
1.  P. 

1 

5 

. 

rD 

2 

5 

2 

5 

X) 

PERFORMANCE    CURVE    OF    17S-HP    GAS    ENGINE 


loads.  This  argument  certainly  cannot  be  sustained  in  the  case  in 
hand,  for  even  at  half-load  the  useful  kinetic  efificiency  is  over  20 
percent — very  much  above  the  efificiency  of  any  steam  engine  at  its 
most  economic  point.  The  efificiency  drops  very  rapidly  from  this 
point  of  the  curve  to  no-load,  but  even  when  the  engine  is  de- 
veloping 30  horse-power  or  only  6  percent  of  its  rated  capacity, 
a  kinetic  efificiency  of  10  percent  is  obtained,  which  represents  very 
creditable  high  class  steam  engine  performance  at  full-load. 

»Trp_2545  X  mechanical  output  in  hp. 
B.  T.  U.  input  in  the  gas. 
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With  the  development  of  the  higher-powered  internal  combus- 
tion engines  for  exclusive  use  with  producer  and  other  "lean"  gases, 
it  has  become  necessary  to  have  a  producer  plant  available  for  making 
tests  with  a  gas  similar  to  that  upon  which  the  engine  is  intended 
to  run  in  service.  In  order  to  meet  this  condition  an  elaborate  gas 
plant  has  been  installed  and  a  number  of  tests  made  upon  engines 
in  connection  with  it.  This  adjunct  to  the  testing  facilities  has 
proved  of  great  benefit  and  of  special  interest  on  account  of  its 
novelty  for  work  of  this  character.  Already  tests  have  been  con- 
ducted which  show^  a  duty  of  less  than  one  pound  of  coal  per  brake- 
horse-power-hour. 


SOME  TRAFFIC  PROBLEMS  OF  THE  DAY 

By  CALVERT  TOWNLEY 

GENERALLY  speaking,  every  large  city  has  congested  dis- 
tricts where  the  Hmit  of  railway  service  to  the  public — • 
as  well  as  the  limit  of  railway  receipts — is  the  number  of 
cars  that  can  pass  in  a  given  time.  With  the  maximum  size  of  car 
soon  reached,  the  maximum  speed  and  minimum  headway  fixed  by 
provisions  for  safety  and  other  physical  conditions,  and  the  number 
of  stops  by  the  distribution  of  the  population,  this  maximum  number 
of  cars  that  can  pass  is  soon  determined.  Locomotive-hauled  trains, 
of  course,  permit  a  material  increase,  but  at  a  reduced  schedule  speed 
due  to  lower  acceleration  when  starting,  and  with  the  further  handi- 
cap that  a  locomotive  is  designed  to  haul  a  specified  number  of  cars 
and  is.  therefore,  more  or  less  of  a  misfit  for  every  other  number.  In 
addition,  it  lacks  much  of  the  convenient  flexibility  found  so  valuable 
in  single  units.  The  production  of  a  multiple  unit  system,  however, 
has  permitted  the  operation  of  trains  in  all  essentials  as  single  cars 
are  operated,  thus  combining  the  advantages  of  both.  The  elevated 
system  in  New  York  City  furnishes  a  good  example  of  what  these 
advantages  mean  Equipped  with  locomotives  as  heavy  as  the 
structure  would  permit,  'twelve  miles  per  hour  was  about  the  maxi- 
mum schedule  speed  that  could  be  maintained  with  the  maximum 
number — five — cars  in  a  train.  Since  train  control  has  been  installed 
six-car  trains  easily  make  fifteen  miles  per  hour,  a  total  car  mileage 
increase  of  just  fifty  per  cent  per  train,  and  that,  too,  with  a  greatly 
decreased  cost  of  operation. 

With  this  possibility  of  improved  service  and  bigger  dividends 
as  attractions  it  is  not  surprising  that  train  control  has  been  adopted 
successively  in  Chicago,  Brooklyn,  Boston,  New  York,  London  and 
Paris  for  elevated  or  underground  service  as  well  as  for  general  in- 
terurban  traffic  in  many  smaller  places.  It  would,  in  fact,  be  hardly 
too  much  to  say  that  train  control  is  now  generally  accepted  as  the 
standard  method  of  operating  electric  trains,  and  that  no  railroad 
hereafter  to  be  equipped  can  afford  to  ignore  its  claims. 

While  city  train  service  is  the  most  obvious  and  has  been  the  first 
application  of  train  control,  such  service  by  no  means  covers  the  limit 
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of  its  possibilities.  It  has  already  been  discussed  for  electric  locomo- 
tives to  displace  steam  for  the  terminal  and  suburban  service  of  some 
of  our  largest  railroads,  the  function  here  being-  both  to  handle 
heavier  currents  than  can  be  taken  care  of  by  previous  methods  and 
to  permit  the  use  of  smaller  locomotive  units.  These  units,  designed 
to  haul  local  trains  and  the  lighter  expresses  also,  may  be  coupled  in 
suitable  numbers  for  the  ponderous  limited  and  other  superlative 
duty. 

Another  application  as  yet  purely  speculative  is  that  of  street  car 
service  in  congested  centers.  The  demand  for  a  means  to  increase 
the  volume  of  traffic  is  certainly  sufficient  to  warrant  the  most  earnest 
effort,  and  with  train  control's  remarkable  record  in  improving  heavy 
service  conditions  as  an  object  lesson,  it  would  be  unwise  to  predict 
failure  in  this  no  less  important  direction. 

Considered  in  all  its  aspects,  train  control  is  perhaps  one  of  the 
most  interesting  and  valuable  of  the  many  late  electrical  develop- 
ments. Its  influence  on  transportation  problems  has  been  far  reach- 
ing and  its  future  is  fraught  with  great  possibilities. 


APPLICATIONS  OF  ALTERNATING-CURRENT 

DIAGRAMS 

VI— GENERATORS 

By  V.  KARAPETOFF 
A  Series  of  Lectures  Delivered  before  The  Electric  Club 

THE    REGULATION    OF    ALTERNATORS 

In  alternators,  as  in  transformers,  the  problem  which  may  be 
most  appropriately  solved  by  means  of  vector  diagrams  is  that  of 
regulation.  Fig.  45  shows  the  fundamental  vector  diagram  for  a 
loaded  alternator  which,  as  will  be  seen,  bears  a  very  close  re- 
semblance to  that  of  a  transmission  line  or  of  a  transformer.  In 
this  figure,  O  A  is  the  induced  e.m.f.  or  voltage  at  no  load ;  0  C 
is  the  current,  B  D  and  D  A  are,  respectively  the  ohmic  and  the  in- 
ductive drop  of  the  machine,  B  D  being  parallel  to  O  C  and  D  A  ^t 
right  angles  to  O  C,  consequently  O  B  is  the  terminal  voltage  of  the 
machine.  A  corresponding  diagram  for  a  lower  power-factor,  but 
the  same  current  is  shown  in  dotted  lines.  It  will  be  readily  seen 
that  the  effect  of  the  drop  on  the  terminal  voltage  of  the  machine  is 
greater,  the  lower  the  power- factor,  for  the  same  current  value,  i.  e.. 
O  B,  is  less  than  OB.  If  a  constant  terminal  xoltage  is  desired  at 
every  power-factor,  the  field  current  must  be  increased  with  an  in- 
crease in  the  angle  of  lag.  This  is  very  much  the  same  as  in  the  case 
of  a  transmission  line,  or  transformer,  as  has  been  explained.  (June 
Issue,  Pg.  284)  and,  so  far,  the  alternator  diagram  is  analagous  to 
the  other  diagrams. 

The  great  practical  difficulty  in  the  application  of  this  diagram 
lies  in  the  determination  of  the  value  of  the  inductive  drop,  and  of 
the  e.m.f  actually  induced  in  the  armature  windings,  as  influenced 
by  the  magnetizing  effect  of  armature  reaction  on  the  field.  The 
following  is  an  investigation  of  the  methods  used  to  overcome  these 
difficulties. 

As  has  been  already  explained,  (April  Issue,  Pg.  165,)  the  in- 
ductive resistance  of  a  line,  or  transformer,  for  a  given  current  can 
be  easily  found  by  short-circuiting  the  line,  or  transformer,  and  as- 
certaining the  terminal  e.m.f.  which  is  necessary  to  produce  the 
required  current.     That  this  does  not  apply  in  the  case  of  an  alter- 
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nator  will  be  easily  seen  if  it  is  remembered  that  the  field  in  the 
magnetic  circuits  is  due  to  the  resultant  of  the  magnetizing  force  of 
the  field  windings  and  that  of  the  armature  windings.  What  actu- 
ally happens  is  that  the  field  of 
the  machine  induces  currents  in 
the  armature,  and  these  currents 
react  upon  the  field,  weakening  it 
if  the  current  is  lagging,  strength- 
ening it  if  the  current  is  leading. 
As  alternators  in  practice  are  al- 
most invariably  run  with  lagging 
current,  it  will  be  necessary  1o 
consider  only  the  case  of  a  weak- 
ened field.  The  e.m.f.  actually  in- 
duced corresponds,  not  to  the  or- 
iginal field,  at  no  load,  but  to  a 
weaker  field.  This  induced  e.m.f. 
is  further  diminished  by  the  ohmic 
and  inductive  drop  in  the  arma- 
ture just  as  if  the  armature  were 
a  choke  coil  through  which  the 
current  had  to  flow  before  reach- 
ing the  terminals  of  the  machine. 
There  are  thus  three  causes  for  the  drop  in  an  alternating  current 
synchronous  generator  or  motor, 
(i)      Ohmic  drop. 

(2.)      Inductive  or  "reactance  drop." 

(3.)  The  demagnetizing  efifect  of  armature  reaction  upon  the 
field. 

The  ohmic  drop  is  represented  in  the  usual  way.  by  a  vector 
parallel  to  the  direction  of  the  current  and  equal  to  ri.  No  reliable 
general  method  has  yet  been  given  to  predetermine,  or  even  to  de- 
termine experimentally,  the  efifect  of  armature  reaction,  apart 
from  that  of  the  armature  self-induction.  It  has  therefore  be- 
come the  practice,  from  want  of  any  better  method,  to  ascribe  the 
total  drop  in  the  machine  not  due  to  ohmic  resistance,  as  due  either 
to  an  equivalent  self-indttcfion.  or  to  an  equivalent  armature  reac- 
tion, each  comprising  both  causes  of  drop.  We  shall  now  investi- 
gate the  legitimacy  of  these  two  compromises. 

Equivalent  Self-induction  and  Armature  Reaction. — In  Fig. 
.46  let  0  C  be  the  current,  O  B  the  terminal  e.m.f..  B  D,  parallel 
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to  O  C  the  ohmic  drop,  D  A  the  true  reactance  drop  of  the  armature, 
perpendicular  io  O  C,  O  A  the  e.ni.f.  actually  induced  in  the  arma- 
ture. The  real  magnetic  flux  in  the  machine,  which  induced  0  A, 
leads  O  A  hy  <^o  degrees  and  is  represented  by  the  vector  O  F. 
Neglecting  hysteresis,  the  actual  ampere-turns  0  K  are  in  the  same 
direction  as  O  F,  and  are  equivalent  to  the  resultant  of  the  field 
ampere-turns  O  I  and  the  armature  ampere-turns  I  K,  I  K  being 
parallel  to  O  C* 

Thus,  it  will  be  seen  that  the  field  ampere-turns  O  I  and  the 
ampere-turns  of  armature  reaction  combine  to  produce  a  resultant 
number  of  ampere-turns  0  K.  To  this  resultant  excitation  corres- 
ponds the  actual  magnetic  flux  O  F  which  induces  the  e.m.f,  0  A. 
The  actual  terminal  e.m.f.  is  less  than  O  A  hy  the  amount  D  A  oi 
the  reactance  drop,  and  B  D  oi  the  ohmic  drop. 

In  testing  a  machine,  the  only  quantities  in  Fig.  46  which  are 
known  or  can  be  found  are  the  current,  the  exciting  current,  the 
voltage  at  no  load  corresponding  to  any  exciting  current,  (no-load 
saturation  curve)  and  the  ohmic  drop.  Neither  armature  reaction 
/  K  nor  reactance  drop  D  A  can  be  determined  separately  by  any 
known  experimental  method.  Hence  the  diagram  in  Fig.  46  cannot 
be  constructed  unless  an  additional  assumption  is  made,  namely,  that 
the  permeability  of  the  iron  is  constant  ivithin  a  ivide  range  of  flux 
densities,  so  that  fluxes  are  proportioned  to  ampere-turns.  Using 
this  assumption,  the  triangle  0  K  I  oi  ampere-turns  can  be  taken, 
to  a  different  scale,  as  a  triangle  of  fluxes,  and  a  corresponding  tri- 
angle 0  A  L  oi  e.m.f.  can  be  constructed  similar  to  the  triangle 
OKI  and  lagging  90  degrees  behind  it. 

This  diagram  may  be  interpreted  as  follows :  The  field  ampere- 
turns  O  I,  induce  the  total  e.m.f.  O  L;  the  armature  reaction  in- 
duces the  e.m.f.  L  A,  the  self-induction,  an  e.m.f.  A  D  and  the 
ohmic  resistance  an  e.m.f.  D  B.  Hence  the  remaining  e.m.f.  rep- 
resenting the  terminal  voltage,  is  O  B.  As  both  L  A  and  A  D 
are  in  the  same  direction,  it  may  be  said  that  the  total  drop  is  the 
resultant  of  the  drop  L  D,  at  right  angles  to  O  C,  and  D  B,  parallel 
to  O  C.     It  is  thus  unnecessary  to  separate  the  drop  produced  by 

*This  construction  presupposes  that  both  the  exciting  field  O  /,  and  the  field  of  armatuie  reaction 
/  K,  have  the  same  velocity  in  space,  so  that  their  relati\e  position  is  always  the  same,  and  they  can  be 
added  or  subtracted  as  vectors.  This  is  true  for  polyphase  machines,  because  in  these  a  synchronously 
revolving  field  is  produced  by  the  armature  current.  In  a  single-phase  machine,  the  exciting  field  is 
revolving  and  the  armature-reaction  flux  is  simply  pulsating.  In  this  case  the  interaction  of  the  two 
fluxes  cannot  be  represented  by  a  vector  diagram,  and  can  only  be  found  by  an  analytical  process  of  inte- 
gration of  instantaneous  values  (See  G.  Kapp's  Dynamos,  chapter  on  armature  reaction).  It  has  been 
shown  hy  experiment,  however,  that  armature  reaction  is  not  important  in  single-phase  generators,  the 
greater  part  of  the  total  drop  being  produced  by  armature  self-induction.  Hence.  Fig.  46  may  be  as- 
sumed to  represent  approximately  the  conditions  in  single-phase  machinery. 
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armature  reaction  from  that  produced  by  self-induction  as  it  may 
be  assumed  that  the  whole  drop  L  D  is  produced  by  one  equivalent 
cause : — either  by  an  equivalent  self-induction  or  by  an  equivalent 


FIG.    46 

armature  reaction.  As  will  be  shown  below,  the  total  vector  L  D 
can  be  easily  determined  experimentally  and  the  diagram  O  L  D  B  O, 
thus  determined,  is  perfectly  correct  as  long  as  the  saturation  curve 
is  a  straight  line;  that  is  to  say,  as  long  as  the  triangle  0  K  I  oi 
ampere-turns  can  be  assumed  to  be  also  a  triangle  of  fluxes.  Un- 
fortunately, however,  the  most  important  points  on  the  saturation 
curve,  which  occur  in  practice,  lie  near  and  often  abo\e  the  bend, 
affecting  greatly  the  applicability  of  the  diagram. 

Short-Circuit  Test. — The  following  are  the  two  experimental 
methods  of  determining  the  vector  L  D  and  the  drop  in  the  ma- 
chine, for  a  given  current,  from  the  results  of  a  short-circuit  test. 

In  Fig.  47,  O  L  is  the  no-load  saturation  curve  and  0  T  is  the 
curve  of  current,  or  short-circuit,  for  different  field  currents.  Let  CC, 
represent  the  value  of  current  for  which  it  is  desired  to  determine 
the  drop,  and  let  F  L  represent  the  normal  voltage  at  no  load.  Two 
different  methods  of  obtaining  approximate  load  saturation  curves 
are  possible : 
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(i.)  Tlie  Armature  Reaction  or  t/ie  Ampere-Turn  Method. — 
According  to  this  method,  O  C  represents  the  total  number  of  am- 
pere-turns necessary  to  drive  the  current  CC,  through  the  armature, 
i.  e.,  O  C  is  the  value  of  the  total  drop  L  D  (Fig.  46).  The  angle 
between  O  B  and  LD  (Fig.  46)  depends  on  the  power- factor  for 
which  the  drop  is  to  be  found.  We  shall  assume  in  Fig.  47  a  power- 
factor  of  zero.     There  are  two  reasons  for  this  choice : 

(a.)  At  power- factor  zero,  the  drop  for  a  given  current  is 
higher  than  at  any  other  pr;wer-factor  and  it  is  desirable  to  know 
the  behavior  of  the  machine  under  the  most  unfavorable  condition. 

(b.)  At  power- factor  zero,  the  vector  representing  the  drop 
L  P  is  almost  parallel  to  G L'  (Fig.  48),  so  that  L  D  can  be  sub- 
tracted algebraically  from  0  L  instead  of  geometrically.  Thi^  sim- 
plifies the  construction  and  allows  the  ohmic  drop  B  D  iohe  neglect- 
ed. Thus,  by  this  method,  O  C  represents  the  number  of  ampere- 
turns  required  to  overcome  armature  reaction  (including  self-induc- 
tion). This  has  to  be  subtracted  from  the  total  field  amperes  0  F 
in  order  to  obtain  the  ampere-turns,  C  F,  effective  in  inducing  the 
voltage  across  the  terminals.  Hence,  if  we  make  K  F  equal  to  O  C, 
we  obtain  the  terminal  e.m.f,  K  M=F  D,  (with  armature  cur- 
rent C C,  and  power- factor  zero),  instead  of  /-"A  which  was  the 
value  at  no  load.  Similarly,  if  Mj  D^,  M^  D^,  etc.,  are  drawn,  each 
equal  to  0  C,  a  curve  C  A  will  be  obtained  for  the  saturation  curve 
with  current  C  C,  at  power-factor  zero.  The  vertical  distance  be- 
tween the  two  curves  gives  the  drop  in  the  machine  at  different  ex- 
citations. 

(2.)  The  Self-induction  or  e.m.f.  Method. — According  to 
this  method  an  excitation  O  C  is  necessary  to  drive  a  current  C  C, 
through  the  armature  on  short-circuit.  This  excitation  would  pro- 
duce on  open-circuit,  an  e.m.f.  C  S,  which  at  short-circuit,  is  al- 
together lost  in  the  armature,  in  driving  the  current  CC  through 
its  self-induction,  f including  armature  reaction  and  ohmic  resist- 
ance). Hence,  C  S  represents  the  total  drop  in  the  armature  for 
the  current  C  C,.  Subtracting  L  B  (=C  S),  from  F  L  we  get  the 
terminal  voltage  as  F  B.  Plotting  L,  B,  =  L^  /?J,  etc.,  (=C  S), 
we  get  another  load  saturation  curve.  C  A  j.  It  will  be  easily  seen 
that  as  long  as  the  no-load  saturation  curve  0  /.  is  a  straight  line, 
both  curves  C  A,  and  C  A  coincide.  Thus,  for  example,  for  an  ex- 
citation OF^  subtracting  the  voltage  /?,A,  (=CS.)  from  /%A,,  or 
subtracting  the  excitation   /'/,/?,,  (=OC)  from  OF,  gives  the  same 
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terminal  voltage  K  /^,.  because  the  triangles  OSC  and  J/,  A,  /^j 
can  be  assumed  similar.  As  soon,  however,  as  the  no-load  satura- 
tion curve  begins  to  drop,  the  curve  CA ,   will  lie  below  CA. 


C  F,  K  F 

Field  Amperes 
FIG.    47. 

In  reality  both  causes  of  drop,  viz.,  armature  reaction  and  self- 
induction,  are  always  present  so  that  the  actual  load  saturation 
curve  CX,  taken  from  a  test  under  running  conditions,  lies  between 
CA  and  CA ,.  In  a  paper,  read  before  the  American  Institute  of 
Electrical  Engineers,  Mr.  Behrend  called  the  first  method,  the  "op- 
timistic method"  and  the  second  method  the  "pessimistic  method," 
for  reasons  which  are  obvious. 

It  is  then  an  easy  matter  to  plot  both  optimistic  and  pessimistic 
curves,  from  the  results  of  no-load  and  short-circuit  readings,  in 
the  manner  described  above.  These  curves  determine  the  lower  and 
upper  limits  of  the  drop  and  regulation  of  the  machine.  For 
machines  of  poor  design,  with  large  armature  leakage,  and  also  for 
single-phase  machines,  whose  armature  self-induction  is  prominent 
the  actual  load  saturation  curve  will  He  nearer  to  the  pessimistic 
curve.  For  well-designed  machines,  on  the  other  hand,  especially 
for  polyphase  generators  with  armature  windings  distributed  in 
many  slots,   (these  slots  being  preferably  open),  with  a  strong  ex- 
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citing  field  in  comparison  with  that  of  the  armature  reaction,  the 
load  saturation  curve  Hes  nearer  to  the  optimistic  curve. 

Mr.  Behrend  very  lucidly  demonstrates  the  relation  between  the 
no-load  saturation  curve  and  the  full-load  saturation  curve  CX,  by 
plotting  the  triangles  p,  q,  r„  p,  q,  r,  etc.  The  sides  /,  ^„  A  ^..  etc. , 
represent  the  true  armature  reaction.  In  order  to  find  the  point  r, 
corresponding  to  the  point  p,  on  the  no-load  saturation  curve,  first 
add  the  number  of  ampere-turns  p,  q,  corresponding  to  the  armature 
reaction,  then   subtract  the  inductive  drop  ^,r,.,  finding  the  point 

r  on  the  load  saturation  curve. 
This  construction  corresponds  to 
the  procedure  in  Fig,  46.  Since, 
however,  we  have  no  reliable 
method  of  obtaining,  separately, 
the  armature  reaction />i  ^,,  and  the 
armature  induction  drop  q^  7\,  since 
the  triangle*^,  ^/,  r, cannot  be  deter- 
mined, this  method  cannot  be  ap- 
plied in  practice. 

In  reality  it  is  not  so  difficult, 
as  it  may  seem  from  the  foregoing, 
to  predetermine  the  regulation  with 
considerable  accuracy.  Every  de- 
signing engineer  who  has  had  ex- 
perience from  the  results  of  tests 
on  similar  machines,  etc.,  has  a 
good  idea  of  what  is  to  be  expect- 
ed of  his  machines.  Even  for  new 
designs,  empirical  rules  which  he 
~~  ^  ^      may    have    devised    for    his    own 

FIG.  48  guidance,     and     comparison    with 

previous  machines  are  generally 
sufficient  to  help  him  in  predetermining  the  drop  in  his  machine 
with  an  accuracy  which  is  often  surprising. 

This  does  not,  however,  diminish  the  necessity  for  a  good  shop 
method  of  testing  large  alternators  under  conditions  approximating 
those  under  which  the  machine  is  to  be  run  in  service.  The  regu- 
lation of  a  machine,  especially  under  inductive  load,  is  often  insert- 
ed in  the  contract,  and  as  it  is  in  most  cases  impossible  to  test  very 
large  machines  under  full-load  conditions,  a  method  is  very  desira- 
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ble  which  would  satisfy  both  manufacturer  and  customer  as  to  what 
is  to  be  expected  of  the  machine  under  service  conditions. 

Drop  and  Regulation  From  Actual  Load  Test. — In  some  cases 
it  is  possible  to  determine  the  drop  and  regulation  of  the  machine  by 
actual  load  test.  Thus,  smaller  machines  may  be  loaded  on  wire 
rheostats,  water  resistance,  choke  coils,  unloaded  transformers,  large 
induction  motors  running  without  load,  etc.  If  the  drop  and 
regulation  for  any  power-factor  are  known,  they  can  be  determined 
for  any  other  power-factor,  with  fair  accuracy,  by  means  of  a  dia- 
gram similar  to  that  shown  in  Fig.  48.  The  length  L  D  is  the  same 
for  all  values  of  power-factor  with  the  same  current  OC,  but  it 
varies  in  direction  depending  on  the  angle  of  lag  between  the  current 
and  the  e.  m.  f.,  being  always  at  right  angles  to  the  current.  Con- 
sequently, we  get  the  same  Kapp's  diagram  as  the  one  explained  in 
Fig.  32  (June  Issue,  Pg.  284).  In  this  way  the  necessity  of  separ- 
ating armature  reaction  from  self-induction  is  obviated  and  the  total 
drop  determined  from  actual  test.  It  will  be  noticed  that  it  is  de- 
sirable to  have  this  load  performed  at  as  low  a  power-factor  as  pos' 
sible,  for  the  following  reasons : — 

(i.)  This  means  a  full  volt-ampere  output  with  a  compara- 
tively small  expenditure  of  motive  power. 

(2.)  It  is  important  for  the  accuracy  in  the  determination  of 
the  drop  vector  LD, .  This  vector  is  the  geometrical  difference  be- 
tween no-load  and  full-load  voltages.  On  a  high  power-factor,  this 
difference  is  small,  and  a  small  error  in  reading  the  voltmeter  may 
introduce  a  considerable  error  in  the  determination  of  the  drop.  If 
this  inaccurate  value  is  then  applied  to  find  the  drop  or  regulation 
at  a  low  power-factor,  where  its  magnitude  is  of  greater  importance, 
it  may  give  very  inaccurate  results.  On  the  other  hand,  the  drop 
can  be  determined  with  much  greater  accuracy  at  a  low  power-fac- 
tor, and  any  error  in  its  determination  is  of  less  importance  at  higher 
power-factor  deductions.  (Fig.  14,  April  Issue,  Pg.  166,)  It  will 
be  seen  in  this  figure  that  an  error  in  the  determination  of  inductive 
drop  is  of  much  greater  importance  at  a  power-factor  of  100  per 
cent  than  it  is  at  zero  power-factor. 

The  following  is  an  application  of  the  method  used  in  deter- 
mining the  drop  and  regulation  at  any  power-factor  if  these  are 
known  for  any  other  power-factor. 

Example. — A  loo-kw,  3-phase,  2,200-volt  machine  is  loaded 
on  combined  ohmic  and  inductive  resistances,  so  as  to  give  the  full 
rated  current  of  26.3  amperes  per  phase.     The  exciting  current  is 
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held  constant  at  the  value  which  gives  full  rated  voltage  at  no  load 
and  at  full  speed.  The  results  are  i,8oi  volts  terminal  e.m.f  at  a 
power- factor  of  42  percent.  The  average  ohmic  resistance  fiom  ter- 
minal to  terminal  is  known  to  be  1.94  ohms  at  a  temperature  of  50" 
C.  It  is  required  to  construct  for  this  machine  Kapp's  diagram  from 
which  to  find  the  drop  and  regulation  at  any  power-factor.  First  of 
all  it  is  necessary  to  reduce  the  output  of  this  machine  to  its  equiva- 
lent single-phase  machine  of  the  same  voltage.     Its  current  at  full 

I   Q2 

load  will  be  26.3  1/3=^45.5  amperes,  and  its  ohmic  resistance^  - 


).97  ohms.  In  Fig,  49,  with  0  as  center,  describe  a  circle  AB  with 
a  radius=2,2O0  volts,  and  a  horizontal  line  OA  through  its  center. 
Calculate  the  ohmic  drop,  45.5XO.97--44.1  volts,  and  draw  (1^^  =  44.  i 
volts  parallel  to  OA  at  a  distance  OC  from  OA.  From  any 
convenient  point  F  on  the  line  CD,  draw  a  line  FG  making,  with  the 
vertical  line  OB,  an  angle  corresponding  to  a  power-factor  of  42 
percent.  Measure  off  FG=^'[,^\o  volts  and  draw  GH  parallel  to  OA 
and  intersecting  the  circle  at  H.  From  H  draw  HK  parallel  to  FG 
cutting  CD  at  K.  The  triangle  OKL  is  then  the  familiar  triangle 
of  drops  in  the  machine,  KL  being  the  ohmic  drop  and  OL  the  in- 
ductive drop.  KM  parallel  to  OB  is  the  direction  of  the  current 
vector  and  it  will  readily  be  seen  that  at  a  power- factor  of  42  percent 
the  diagram  actually  gives  a  terminal  voltage  of  1,810.  The  semi- 
circle KPN  described  on  the  diameter  KP  to  such  a  scale  as  to  make 
KF  readily  divisible  into  100  parts,  is  the  familiar  circle  of  power- 
factor;  and  terminal  voltage  at  different  power-factors  and  at  full 
load  currents,  are  represented  by  vectors  drawn  from  the  point  K  to 
the  circle  AB.  Thus,  for  instance,  at  a  power-factor  of  85  percent, 
we  find  the  terminal  voltage  KQ-—i,g20  volts  and,  for  non-inductive 
load,  KQ  =2,100  volts.  In  order  to  find  the  regulation  of  the 
machine,  a  second  circle  must  be  drawn  with  center  K  and  radius 
equal  to  2,200  volts,  as  has  been  shown  in  Fig.  36,   (Aug.  Issue, 

Pg-  414). 

Larger  machines  can  sometimes  be  conveniently  tested  by  load- 
ing them  on  synchronous  motors,  running  without  load.  In  this  test. 
the  well-known  property  of  the  synchronous  motor  in  taking  a  cur- 
rent which  lags  more  and  more,  the  less  the  excitation,  is  made  use 
of.  The  working  component  of  a  synchronous  motor  running  on  no 
load  is  expended  in  covering  the  copper,  iron  and  friction  losses  of 
the  machine,  and  the  wattless  component  can  be  made  very  great 
by  lowering  the  excitation  of  the  motor  as  far  as  stability  of  running. 
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or  the  heating  of  the  armature,  will  allow.  It  is  quite  possible,  with 
a  motor  of  about  the  same  size  as  the  generator  to  be  tested,  to  ob- 
tain a  power-factor  of  20  percent,  or  even  less.     From  the  value 
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FIG.    49 

obtained  from  this  test,  the  drop  and  regulation  at  any  power-factor 
for  the  same  current  are  to  be  obtained  by  means  of  a  diagram 
similar  to  that  in  Fig.  49.  If  it  is  required  to  determine  drop  or 
regulation  at  a  fractional  load,  say  at  three-quarters  or  at  half-load, 
the  same  diagram,  Fig.  49,  may  be  used  for  rough  calculation,  re- 
ducing the  triangle  K  L  O  proportionately  to  the  value  of  the  cur- 
rent, as  both  ohmic  and  inductive  drops  are  proportional  to  the  cur- 
rent. Where  greater  precision  is  necessary  it  is  preferable  to  make 
a  separate  test  for  each  current  value  at  which  the  regulation  is  re- 
quired, as  the  equivalent  inductive  resistance  of  the  machine  changes 
with  the  armature  current.  This  is  due  to  the  fact  that  the  resultant 
saturation  in  the  iron  is  higher  at  a  fractional  load  than  at  full  load, 
the  field  excitation  being  constant.  Hence,  the  inductive  resistance 
is  less  at  a  fractional  load  and  greater  at  an  overload,  than  it  is  at 
full  load.  Thus,  if  the  triangle  OKL  is  taken  as  proportional  to  the 
value  of  the  current,  a  greater  drop  is  obtained  than  that  which  ac- 
tuallv  occurs. 


FACTORY  TESTING  OF  ELECTRICAL 
MACHINERY— IX 

By  R.  E.  WORKMAN 
COMMERCIAL  TESTS 

COMMERCIAL  tests  are  those  made  on  machines  of  standard 
design,  where  the  first  machine  of  the  type  has  been  com- 
pletely tested.  They  are  made  chiefly  to  locate  faults  in 
the  manufacture  of  the  machine,  i.  e.,  to  determine  whether  the 
machine  is  to  be  approved  for  shipment. 

The  tests  made  on  direct-current  machines  of  standard  design 
are: 

( 1 )  Polarity. 

(2)  Iron  loss  and  saturation  (only  in  case  of  large  machines.) 

(3)  Regulation. 

(4)  Temperature. 

(5)  Insulation. 

Table  II.  in  the  introduction  gives  briefly,  the  way  in  which 
defects  in  manufacture  show  up  in  commercial  tests. 

The  following  description  will  explain  the  method  of  testing  in 
greater  detail : 

( I )  Polarity — The  effect  of  a  reversed  pole  in  a  series-wound 
or  two-circuit  armature  will  be  a  simple  reduction  of  the  terminal 
voltage  and  inability  of  the  machine  to  commutate  properly  in  every 
brush  position.  The  reasons  for  this  will  be  obvious  if  it  is  re- 
membered that  in  following  the  winding  from  one  commutator  bar 
to  the  next  the  winding  successively  passes  under  all  the  poles. 

In  multiple-wound  armatures  where  there  is  a  reversed  pole 
there  is  a  section  of  the  armature  in  which  no  e.  m.  f.  is  induced 
and  there  is  therefore  practically  a  short-circuit  across  the  brushes, 
through  this  section.  The  effect  of  balancing  rings  will  be  to 
counteract  the  magnetizing  effect  of  the  reversed  field  coil  and  to 
improve  the  distribution  of  the  field.  If  a  trial  is  first  made  with 
the  machine  as  a  generator,  self-exciting,  and  it  is  found  impossible 
to  make  it  build  up,  an  attempt  may  be  made  to  run  it  separately 
excited.  If  it  is  then  found  impossible  to  get  it  to  run  sparklessly, 
and  if  it  becomes  hot  with  no  load  upon  it,  it  may  be  assumed  that 
there  is  a  reversed  coil. 
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TESTS  OF   POLARITY 

(a)  By  Compass — This  test  is  made  by  passing  an  ordinary 
magnetic  compass  round  the  field,  near  the  faces  of  the  poles,  and 
noting  the  reversals  of  polarity  by  the  behavior  of  the  needle  as 
the  compass  passes  from  pole  to  pole.  The  test  should  be  made 
with  a  weak  current  in  the  field  windings,  as,  if  it  were  made  with 
a  strong  field,  the  polarity  of  the  compass  needle  might  be  reversed 
and  false  readings  obtained.  In  any  case  care  should  be  taken  not 
to  bring  the  compass  too  near  the  pole. 

(b)  With  a  Small  Piece  of  Iron — If  a  small  oblong  piece  of 
iron  is  held  in  the  hand  between  the  poles  of  the  magnet  it  will 
tend  to  take  up  a  position  in  line  with  the  lines  of  force  of  the 
leakage  field.  Hence,  if  the  iron  is  held  between  two  unlike  poles, 
where  the  leakage  flows  from  pole  to  pole  through  the  air,  the  iron 
will  tend  to  take  up  a  position  bridging  the  gay  between  the  poles, 
each  end  being  attracted  by  one  of  the  poles.  If,  on  the  other  hand, 
the  two  poles  be  alike,  there  will  be  no  leakage  field  between  the 
poles  and  if  the  iron  is  held  in  a  radial  position  it  will  have  no 
tendency  to  turn. 

(c)  By  running  the  machine  as  a  generator  short-circuiting 
successive  Held  coils  with  a  short  length  of  cable  and  noting  the 
eifect  on  the  terminal  voltage.  (Applicable  only  to  machines  hav- 
ing series-wound  armatures).  In  this  test  the  field  current  is  held 
constant  by  means  of  a  rheostat  in  the  field  circuit  and  a  reversed 
coil  is  indicated  by  a  higher  voltage  when  that  coil  is  cut  out  and  the 
field  current  brought  back  to  its  constant  amount.  A  short-circuited 
Beld  coil  will  be  indicated  by  an  unchanged  voltage  when  the  coil 
is  cut  out. 

(d)  By  observing  the  leakage  in  such  parts  of  the  machine 
as  the  ends  of  the  shaft,  etc. — The  eflfect  is  detected  by  noting  the 
attraction  of  a  small  piece  of  iron  by  the  end  of  the  shaft,  when  it 
is  held  near  it.  Excessive  leakage  indicates  want  of  symmetry  in 
the  field,  which  may  be  due  either  to  a  reversed  or  to  a  short-cir- 
cuited field  coil. 

The  case  of  a  coil  which  is  short-circuited  on  itself  is  much 
more  insidious  than  that  of  a  reversed  coil,  although  it  occurs  much 
less  often.  It  will  not  show  up  with  the  compass,  since  the  pole 
affected  is  simply  weaker  than  the  others.  The  machine  may  com- 
mutate  fairly  well,  but  the  voltage  in  the  case  of  a  generator,  or 
the  speed  in  the  case  of  a  motor  will  point  to  the  nature  of  the 
trouble. 
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(2)  Iron  Loss  and  Saturation: 

This  test  is  made  exactly  as  described  under  experimental  test- 
ing. 

(3)  Regulation: 

This  test  is  made  in  exactly  the  same  way  as  in  the  case  of 
new  types  except  that  fewer  points  on  the  curve  are  taken ;  it  re- 
quires no  further  description. 

(4)  Temperature: 

Temperature  tests  in  the  case  of  standard  machines  are  often 
made  much  shorter  than  is  required  to  bring-  the  machine  to  a  con- 
stant temperature  rise.  The  ultimate  temperature  rise  is  deduced 
from  the  shape  of  the  heating  curve  from  former  tests.  Otherwise 
the  test  is  exactly  the  same  as  for  new  machines. 

(5)  Insulation: 

Insulation  tests  are  of  two  kinds : 

(a)  Those  which  depend  upon  the  measurement  of  the 
resistance  of  the  insulating  material,  considered  as  a  con- 
ductor. All  substances  in  some  degree  possess  the  propertv  of 
electric  conductance.  This  conductance  depends  very  largely  on 
the  temperature  of  the  insulation,  on  its  dryness  and  on  its  surface 
dimensions.  Tests  made  of  this  property  simply  measure  the  cur- 
rent passing  through  the  insulation  with  a  given  difference  of 
potential  across  it.  Insulation  resistance  varies  enormously  with 
comparatively  small  changes  in  the  condition  of  the  insulation  with 
respect  to  dirt  and  moisture.  A  test  of  insulation  resistance  there- 
fore gives  no  positive  indication  of  the  real  quality  of  the  insulating 
material,  but  is  very  useful  in  gauging  the  condition  of  the  material. ' 

(b)  Those  which  depend  on  the  proof  of  the  "dielec- 
tric strength"  of  insulating  material.  By  the  "dielectric 
strength"  of  an  insulating  material  or  its  strength  as  a  dielectric  or 
insulator  between  two  conductors  differing  in  potential,  is  meant  its 
resistance  to  actual  mechanical  puncture  by  a  spark,  destroving  the 
continuity  of  the  insulating  surface.  Dielectric  strength  depends  very 
largely  upon  the  physical  properties  of  the  material,  i.  e  ,  its  hardness, 
freeness  from  cracks,  and  pores,  its  thickness  and  also  on  its  electric 
resistivity  considered  as  a  conductor.  From  the  foregoing  it  is 
obvious  that  the  test  of  insulation  resistance  only  applies  to  a  part 
of  the  essential  properties  of  an  insulator,  so  that,  in  itself,  it  is 
not  complete.  Hence  the  dielectric  strength  tests  should  always  be 
made  before  a  machine  leaves  the  testing  department. 
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(a)  Measnreuicnt  of  Insulation  Resistance — This  test  is 
usually  made  by  placing  the  insulation  across  500-volt  direct-cur- 
rent lines,  in  series  with  a  moving  coil  voltmeter  of  known  resist- 


Power 


Insulation 


o 


Voltmeter 


FIG.    44 CONNECTIONS    FOR    MEASUREMENT    OF    INSULATION    RESISTANCE. 

ance.  The  connections  are  represented  diagrammatically  in  Fig.  44. 
Where  the  test  is  made  on  a  circuit  which  may  be  grounded  on  one 
side,  the  machine  tested  must  be  set  on  wooden  or  other  insulating 
supports.  If  this  is  not  done  a  short-circuit  may  be  the  result.  The 
current  which  flows  through  the  voltmeter,  and  hence  the  deflection 
of  the  voltmeter,  depends  on  the  insulation  resistance.  The  actual 
insulation  resistance  may  be  found  from  the  voltmeter  reading  and 
voltmeter  resistance  as  follows : 

Let  a  =  voltmeter  resistance. 

Let  b  =  insulation  resistance. 

Let  d  =  reading  of  voltmeter  in  series  with  insulation,  with 
500  volts  across  them. 

From  Ohm's  Law  it  is  obvious  that  the  current  in  the  voltmeter 
will  always  be,  the  reading  divided  by  the  resistance  of  the  volt- 
meter. 

In  the  test  taken,  the  current  in  the  circuit  comprising  the  in- 
sulation and  voltmeter  is. 

Current  =  500  -^  (a  -f  b ) ;  also 
Current  =  (d  -^-  a) 
since   d     is  numerically  equal  to  the  drop  across  the  voltmeter. 
Hence      500  -f-  (a  -|-  b)  =  (d  -f-  a),  and 

As  it  is  not  generally  necessary  to  know  the  actual  insulation 
resistance,  but  only  to  compare  it  with  that  of  other  similar  ma- 
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FIG.    45 CONNECTIONS    OF    600O-VOLT    INSULATION     TESTING-SET 
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chines,  it  is  generally  sufficient  to  note  the  deflection  of  the  voltmeter 
and,  if  that  is  satisfactory  to  pass  the  machine  as  ready  for  a 
test  of  dielectric  strength.  In  many  cases  the  principal  reason 
for  making  the  test  of  insulation  resistance  is  simply  to  find  whether 
the  insulation  is  likely  to  be  punctured  in  the  test  of  dielectric 
strength.  If  the  insulation  resistance  should  prove  to  be  too  small 
the  machine  is  sent  back  and  examined  and  if  necessary  its  insula- 
tion treated,  before  the  test  of  dielectric  strength  is  made.  On 
machines  of  low  voltage  where  the  insulation  may  as  a  rule  be 
trusted  not  to  break  down  under  the  test  for  dielectric  strength,  the 
test  of  insulation  resistance  is  seldom  made. 

(b)  Test  of  Dielectric  Strength — Puncture  Strength.  This 
test  is  made  by  means  of  a  step-up  transformer  so  connected  as  to 
give  a  range  of  high  voltages.  The  connections  of  such  a  trans- 
former in  portable  form  are  shown  in  Fig.  45,  and  in  Fig.  46  is 
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FIG.    46 6000-VOLT    TESTING-SET 

shown  the  outside  appearance.  In  the  primary  circuit  is  a  circuit- 
breaker  and  a  double-pole  switch,  the  circuit-breaker  being  ad- 
justed to  carry  a  current  very  slightly  greater  than  the  no-load 
current  of  the  transformer.  The  low-tension  leads  are  connected  to 
the  iio-volt,  25-cycle  shop  circuit  by  means  of  a  lamp  socket  or 
hooks  provided  for  the  purpose  in  various  parts  of  the  testing  de- 
partment. The  secondary  leads  are  held  on  the  parts,  the  insula- 
tion between  which  is  to  be  tested.     The  secondary  taps  are,  of 
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FIG.    47 TESTING    SWITCHBOARD    FOR    SMALL    DIRECT-CURRENT    MACHINE. 
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course,  adjusted  to  give  the  desired  voltage,  and  then  the  circuit 
breaker  and  switch  are  successively  closed.  If  the  insulation  should 
break  dov^n  the  current  in  the  primary  would  rise  and  throw 
the  circuit-breaker.  If.  on  the  other  hand,  the  insulation  passes  the 
test  the  circuit-breaker  will  not  be  thrown  out.  As  a  precaution 
it  is  well  to  touch  the  secondary  leads  together  after  each  test  to 
make  sure  that  the  circuit-breaker  is  working  properly.  These 
tests  are  generally  made  immediately  after  the  temperature  test, 
while  the  machine  is  hot.  This  is  done  because  when  the  insulation 
is  hot  its  dielectric  strength  is  least  and  consequently  the  test  is 
most  severe. 

COMMERCIAL    TESTS    ON    SMALL    MACHINES. 

In  the  case  of  small  machines  up  to  about  fifteen  kilowatts,  on 
account  of  the  large  number  to  be  tested,  a  special  equipment  is 
required.  The  photograph  facing  page  169,  Part  III.  of  this  series 
of  articles,  shows  a  view  of  the  section  of  the  testing  department 
devoted  to  this  work.  Special  tables  set  side  by  side  are  used  to 
support  the  machines  to  be  tested.  On  one  end  of  each  of  these 
tables  there  is  a  slotted  iron  plate  which  can  be  moved  in  the  direc- 
tion of  the  length  of  the  tables  by  means  of  a  screw  and  hand 
wheel.  The  machine  to  be  tested  is  set  on  the  iron  plate  and  an- 
other machine,  generally  one  specially  kept  for  the  purpose,  on  the 
other  end  of  the  table  and  the  two  belted  together.  The  tension  of 
the  belt  is  adjusted  by  means  of  the  hand  wheel.  Near  one  end  of 
each  table  there  is  a  switchboard,  whose  connections  are  indicated 
in  Fig.  47,  having  a  shelf  upon  it  for  the  instruments.  At  the  back 
of  this  switchboard  there  is  a  rack  of  iron-wire  resistance,  divided 
into  two  parts,  which  may  be  used  separately.  The  switches  on 
each  side  of  the  center  line  of  this  board  are  used  for  each  of  the 
two  machines  run.  The  method  in  which  the  board  is  used  is  as 
follows:  If  the  machine  on  the  end  of  the  table  next  the  switch- 
board is  a  generator,  6^1  and  .S",  should  be  thrown  tlown  and  .S'.  and 
.S"^  thrown  up.  The  motor  field  switch  may  then  be  closed  and  the 
motor  started  up,  using  the  half  of  the  rack  next  the  switchboard 
as  starting  resistance.  In  starting  up,  the  ammeter  change-over 
switch  must  be  on  the  generator  side  so  that  the  ammeter  short- 
circuiting  switch  on  the  motor  side  may  be  used  to  finally  cut  out 
the  rack  used  for  starting.  In  order  to  apply  the  load  to  the  gen- 
erator the  switch  .S3  should  be  thrown  up  and  the  generator  field 
switch  closed.     The  generator  external  current  is  read  by  throwing 
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the  ammeter  change-over  switch  to  the  left  and  opening  the  short- 
circuiting  switch  on  that  side.  The  generator  shunt  current  is  read 
by  pulling  out  the  short-circuit  plug  marked  "shunt-field  ammeter." 
The  terminal  voltage  is  read  across  the  left  hand  side  of  the  volt- 
meter socket  on  the  left  hand  side  of  the  board.  The  field  voltage 
is  read  across  the  right  hand  side  of  the  same  socket. 

In  starting  a  motor  on  the  near  end  of  the  table  ►S",  should  be 
thrown  up  and  S„,  S^  and  6"^  thrown  down.  Otherwise  the  test 
is  practically  the  same  as  in  the  case  of  a  generator.  Where  an- 
other machine  is  available  to  make  a  double  test,  it  is  used  in  place 
of  the  shop  machine. 

Precautions  to  Be  Observed — In  plugging  in  the  booster  to 
obtain  voltages  other  than  those  of  the  testing  circuits  it  is  neces- 
sary to  follow  a  very  definite  system  to  avoid  short-circuits.  The 
connection  used  is  shown  diagrammatically  in  Fig.  48. 
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FIG.    48 BOOSTER    CONNECTIONS    WITH    BOARD    SHOWN     IN     FIG.    4/ 

Where  it  is  desired  to  measure  resistance  on  the  near  end  of 
the  table  with  this  board,  the  connections  on  the  power  board 
should  be  made  as  in  Fig.  49.  .V,  is  thrown  up  and  the  current 
adjusted  on  the  far  rack. 
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FIG.    49 CONNECTIONS    FOR    MEASURING    RESISTANCE    WITH    BOARD    SHOWN    IN    FIG.    47 

As  a  rule,  on  small  machines,  only  two  points  on  the  regulation 
curve  are  taken,  that  at  no  load  and  that  at  full  load.  Temperature 
tests  are  usually  short,  with  an  overload,  the  equivalent  rise  for  a 
complete  full-load  temperature  test  being  computed  from  previous 
tests. 


FACTORY  TESTING  551 

COMMERCIAL  TESTS   ON    SERIES    MOTORS 

The  commercial  tests  on  series  motors  are  different  in  many 
particulars  from  those  on  shunt  and  compound  machines.  The 
ones  principally  met  with  are  railway  motors,  and,  as  these  are 
passed  through  in  large  numbers,  a  special  equipment  is  used. 
The  board  found  convenient  for  commercial  tests  on  railway  motors 
is  shown  in  Fig.  50.  The  power  board  is  on  the  back  of  the  main 
board  and  comprises  the  line  switches,  booster  switches  and  cir- 
cuit-breaker as  shown.  Two  motors  are  tested  at  the  same  time, 
being  coupled  together  by  means  of  a  flexible  coupling  and  one  run 
as  a  motor  driving  the  other  on  rack  load  as  a  generator.  The 
motors  are  supported  on  heavy  wooden  trestles  which  can  be 
drawn  apart  so  as  to  uncouple  the  motors.  The  connection  of  the 
motors  is  shown  diagrammatically  in  the  figure.  jR,  and  A\  are 
double-throw  double-pole  switches  for  reversing  the  connection 
of  armatures  of  the  motors,  and  thus  their  direction  of  rotation. 
There  is  one  power  board  for  every  two  testing  boards  and  the 
same  controller  an.d  ammeter  are  used  for  both  testing  boards,  be- 
ing connected  to  special  bus-bars  for  that  purpose.  The  connections 
shown  in  the  figure  are  those  for  running  No.  2  as  a  motor.  The 
motor  is  started  by  closing  the  ammeter  switch  and  the  starting 
switch  and  then  cutting  out  the  controller  resistance.  When  the 
speed  is  up  the  running  switch  is  closed.  The  starting  switch  may 
then  be  opened,  and,  if  desired,  another  set  of  machines  started  up 
from  the  testing  board.  In  order  to  take  current  readings  on  No. 
2  the  controller  resistances  should  be  on  the  full  running  position, 
the  starting  switch  closed  and  the  running  switch  opened;  the  cur- 
rent may  then  be  read  by  opening  the  ammeter  switch.  There  is 
a  special  arrangement  for  making  the  test  of  insulation  resistance. 
One  pole  of  a  small  500-volt  generator  kept  for  the  purpose  is  con- 
nected to  the  frame  of  each  of  the  motors  in  succession,  by  means 
of  the  switches  shown;  at  the  same  time  a  voltmeter  is  placed  in 
series  with  the  insulation  between  windings  of  the  motor  and  the 
other  pole  of  the  generator.  The  special  generator  is  necessary 
owing  to  the  fact  that  the  500-volt  testing  circuit  is  liable  to  frequent 
grounding. 

ORDER  OF  TESTS   MADE  ON   RAILWAY    MOTORS 

(i)     Dielectric   strength.      (In   the  case  of  motors  over   500 
volts). 
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(2)  Two  motors  connected  to  the  power  in  series,  so  as  to 
oppose  one  another's  rotation,  three-quarter  full-load  current  pass- 
ing. The  intensity  of  the  current  is  regulated  by  putting  the  rack 
in  series  with  the  power.  This  test  is  made  to  find  whether  the 
field  polarity  of  the  motors  is  correct,  as  if  that  were  wrong  the 
motors  would  not  hold  one  another.  It  also  determines  the  con- 
nection of  the  field  for  which  one  motor  will  run  as  a  motor  and 
the  other  pick  up  as  a  generator.  A  reading  is  taken  of  the  field 
drop  in  voltage  on  each  motor. 

(3) Readings  are  taken  of  terminal  e.  m.  f.,  current,  field  volts 
and  speed,  on  both  machines,  acting  in  turn  as  motors,  at  three- 
quarter  load  and  with  clockwise  rotation.  The  two  machines  are 
then  run  for  one-half  hour  with  No.  i  as  motor,  on  three-quarter 
load  and  with  clockwise  rotation. 

(4)  The  following  series  of  readings  is  taken  after  this  run 
as  quickly  as  possible — terminal  e.m.f.,  current,  field  volts  and  speed, 
speed. 

With  No.  I  as  motor,  three-quarter  load — clockwise. 

With  No.   I  as  motor,  three-quarter  load — counter-clockwise. 

With  No.  I  as  motor,  one  and  one-quarter  load — counter  clock- 
wise. 

With  No.  2  as  motor,  one  and  one-quarter  load — counter-clock- 
wise. 

With  No.  2  as  motor,  three-quarter  load — counter-clockwise. 

With  No.  2  as  motor,  three-quarter  load — clockwise. 

(5)  The  set  is  then  run  for  one-half  hour,  with  No.  2  as  motor 
on  three-quarter  load,  clockwise. 

(6)  Readings  of  terminal  e.  m.  f.,  current,  field  volts  and 
speed,  first  with  No.  2  and  then  with  No.  i  acting  as  a  motor,  at 
three-quarter  load  and  with  clockwise  rotation ;  after  which  the 
machines  are  shut   down. 

(7)  Insulation  resistance  test. 

(9)  High-speed  test. 

(10)  Dielectric  strength  test. 

The  high-speed  test  is  used  to  prove  the  strength  of  the  bind- 
ing wires,  commutator,  etc.  The  motors  are  uncoupled  and  sep- 
arated and  then  each  is  run  for  a  short  time  at  from  1200  to  2000 
r.  p.  m.  In  order  to  gauge  this  speed  the  simple  tachometer  de- 
scribed in  The  Electric  Cr.UB  Journal  for  April,  1904,  page  181, 
is  used. 
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ITEMS  FROM  THE  NOTE  BOOK  OF  THE  APPRENTICE 
TEST   OF    A    POWER-FACTOR    METER 

EXTENSIVE  tests  recently  made  on  a  two-phase  power-factor 
meter,  show  the  readings  of  the  instrument  to  correspond 
very  closely  with  the  calculated  values.  The  instrument  was 
connected  up  as  shown,  the  load  being  a  three-phase  rotary  con- 
verter connected  across  two-phase  buss  bars  by  phasing  transform- 
ers, and  having  a  variable  resistance  across  the  direct-current  end. 
The  load  was  varied  by  means  of  the  resistance,  real  and  apparent 
power  measurements  being  taken  by  means  of  two  Watt  dynamo- 
meters, two  voltmeters  and  two  ammeters.  The  power-factor  was 
varied  by  under  or  over  exciting  the  rotary  field  thereby  causing  a 
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DIAGRAM    OF    CONNECTIONS    USED    IN    THE   TEST    OF    POWER-FACTOR    METER 

lagging  or  leading  current.  When  the  generator  used  gave  a  cur- 
rent having  approximately  a  sine  wave,  the  readings  of  the  instru- 
ment were  found  to  agree  very  closely  with  the  values  calculated 
from  the  real  and  apparent  watts  consumed.  A  Stillwell  regulator 
connected  as  shown  was  used  to  correct  for  any  unbalancing  of 
phases,  the  regulator. being  so  adjusted  that  the  voltage  was  the  same 
across  each  phase.    An  ordinary  unbalancing  of  the  load  has  prac- 
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tically  no  effect  upon  the  readings ;  a  violent  unbalancing  however, 
has  some  effect,  and  should  be  guarded  against  in  taking  very  ac- 
curate measurements.  In  order  to  check  both  the  upper  and  lower 
scales  of  the  meter,  a  storage  battery  was  substituted  for  the  resist- 
ance across  the  direct  current  side  of  the  rotary  converter.  By 
strengthening  the  generator  fields,  the  converter  could  be  made  to 
charge  the  storage  battery  when  the  meter  would  give  readings  on 
the  upper  portion  of  the  dial ;  or,  by  weakening  the  field  of  the  gen- 
erator, the  storage  battery  could  be  made  to  furnish  power  to  the 
converter,  when  the  meter  would  give  readings  on  the  lower  portion 
of  the  dial. 

Correction  for  Change  of  Freqiiency  in  Power-factor  Meter — By 
shifting  the  dial  of  a  power-factor  meter  through  a  small  angle,  the 
instrument  may  be  made  to  give  correct  readings  for  any  frequency. 
For  ordinary  use,  portable  instruments  are  calibrated  for  25  and  60 
cycle  circuits.  A  non-inductive  load  is  applied  sufficient  to  cause  5 
amperes  to  flow  through  the  series  coils  of  the  instrument,  and  by 
means  of  a  regulating  transformer,  the  voltage  across  the  shunt  coil 
is  adjusted  to  100  volts.  This  operation  is  performed  using  a  25  cycle 
generator,  the  dial  of  the  meter  being  shifted  so  that  the  pointer 
rests  over  the  100  per  cent  power-factor  mark,  and  a  mark  is  placed 
on  the  dial  opposite  a  finger  fixed  to  the  frame.  60  cycle  current  is 
then  substituted  for  the  25  cycle,  the  dial  again  shifted  so  as  to  read 
correctly,  and  its  new  position  marked.  By  interpolation,  the  instru- 
ment may  be  used  on  any  frequenc}^  between  the  two  chosen.  The 
power-factor  is,  of  course,  checked  by  taking  readings  on  Watt  dyn- 
amometers, voltmeters  and  ammeters. 

CORRECTING    THE^INDUCTIOnI|tYPE     OF     VOLTMETER    FOR    CHANGES 

OF    TEMPERATURE 

When  the  temperature  of  an  induction  type  voltmeter  having 
an  aluminum  disc  revolving  in  the  air  gap  of  an  electro-magnet, 
increases,  the  resistance  of  the  aluminum  disc  is  increased,  thereby 
decreasing  the  current  flowing  in  the  disc,  which  reduces  the  torque 
on  the  disc  and  consequently  the  deflection  of  the  pointer ;  the  cur- 
rent flowing  in  the  magnetizing  coil  of  the  voltmeter  is  hardly  af- 
fected by  change  of  temperature  since  the  impedence  of  the  coil  is 
mostly  inductive;  therefore  with  increasing  temperatiux,  the  cut- 
rent  in  the  disc  decreases,  the  current  in  the  magnetizing  coil  re- 
mains constant  and  the  readings  of  the  instrument  decrease.     Two 
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methods  of  corrcctino-  for  cliaii,i;c  in  temperature  may  be  used  de- 
pending" upon  the  fre(|ueney  for  wliicli  llie  instrument  is  designed. 
Roth  methods  eonsist  essentially  in  increasing  the  strength  of  field 
to  compensate  for  the  decreased  current  flowing  in  the  aluminum 
disc.  In  meters  for  high  frcciuencies.  having  a  large  torque,  a 
short-circuited  coil  is  placed  completely  around  one  pole  of  the  elec- 
tro-magnet. Increasing-  temperature  increases  the  resistance  of  this 
coil,  which  decreases  the  induced  current  flowing"  in  it,  which  in  turn 
decreases  the  choking  efl^ect  of  the  coil  on  the  magnetic  field.  The 
field  strength  will  therefore  increase  with  increasing  temperature, 
giving  the  compensation  desired. 

In  meters  for  low  frenquencies,  a  non-inductive  resistance  is 
shunted  around  the  magnetizing  coil  of  the  voltmeter ;  and  the  size 
of  wire  and  method  of  winding  used  in  this  shunt  are  such  that  its 
resistance  increases  with  change  of  temperature  at  the  same  rate  as 
the  resistance  of  the  ahuninum  disc.  Therefore,  with  increasing 
temperature,  more  and  more  current  flows  through  the  magnetizing 
coil  of  the  voltmeter,  thus  increasing  the  field  strength  and  giving  the 
desired  compensation. 
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EDITORIAL  COMMENT 

The  Tesla  Motor  ^^^^  types  of  alternating-current  apparatus  which 
and  the  Poly=  are  in  use  to-day  have  resulted  from  a  process 
phase  System  of  evolution  which  has  been  going  on  for  many 
years  and  in  wliicli  the  polyphase  induction  motor  has  been  the 
fundamental  elemenl.  The  announcement  of  the  polyphase  in- 
duction motor  and  of  the  [jolyphasc  system  were  made  by  Mr. 
Tesla  in  iS88.  The  motor  excited  nuich  interest  and  expecta- 
tion. The  polyphase  system  received  little  consideration.  The 
motor,  however,  was  helpless  without  a  supply  of  suitable  cur- 
rent. 'Idle  alternators  of  that  day  were  single-phase,  they  gave 
120  to  133  cycles;  alternators  and  transformers  were  ill  ada])tcd 
for  suppl\ing  out-of-phase  current.  Persistent  work,  not  only 
in  the  design  and  development  of  the  motor  but  in  that  of  the 
system  as  well  was  required  before  commercial  success  could  be 
secured.  In  reaching  this  point  it  was  not  only  necessary  to  over- 
come preconceived  ideas  of  the  public,  but  the  electrical  workers 
themselves  had  to  unlearn,  or  at  least  i-eadjust  nmch  of  the  informa- 
tion which  they  had  acquired  in  connection  with  direct-current  and 
single-i)hase  alternating  current  apparatus  and  practice.  In  point 
of  fact  the  'I'esla  invention  was  not  merely  a  motor,  but  a  system. 
Oynmercial  men  and  engineers  who  did  not  imderstand  the  prob- 
lems involved  were  naturally  impatient  and  critical  because  the 
'I'esia  motor  was  not  immediately  supplied  for  operation  upon  exist- 
ing circuits  and  in  connection  with  the  then  prevalent  types  of  gen- 
erators. As  a  matter  of  history  it  is  the  Tesla  principle  and  the 
Tesla  system  which  haye  been  the  directing  factors  in  modern  elec- 
trical engineering  practice.  Alternators  are  now  polyphase;  they 
arc  of  low  frecjuency,  they  have  close  inherent  regulation.  All  of 
the  long  distance  systems  f(M"  power  transmission  involving  hr.n- 
dreds  of  installations,  hundreds  of  thousands  of  horse-power  and 
many  millions  of  dollars  of  capital  use  the  polyphase  system.  Nearly 
all  of  the  great  central  stations  for  city  railway  and  lighting  service, 
even  when  the  consumption  circuits  are  supplied  with  direct  cur- 
rent employ  low  frequency  polyphase  alternators.  There  is  scarcely 
an  important  city  or  town  in  the  country  that  has  not  a  polyphase 
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plant  and  polyphase  apparatus  is  largely  used  for  power  distribu- 
tion in  industrial  establishments. 

This  evolution  has  involved  far  more  than  the  mere  perfection 
of  the  motor.  In  fact  polyphase  motors  as  made  prior  to  1890  -f 
operated  in  connection  with  modern  generators  would  probably  be 
more  successful  than  the  motors  of  to-day  if  operated  in  connec- 
tion with  polyphase  alternators  of  the  types  first  employed.  The 
early  polyphase  alternators  were  small,  they  were  of  high  frequency, 
they  were  of  poor  regulating  (jualities.  Changes  have  been  made 
in  alternators  and  in  transformers.  Parallel  operation  of  alternators 
has  become  a  necessity,  imposing  exacting  problems  in  the  design 
and  operation  of  steam  engines.  The  extent  to  which  everything 
in  modern  electrical  power  work  has  been  affected  by  Tesla  inven- 
tions makes  it  apparent  that  the  polyphase  motor  which  he  pro- 
posed was  no  simple  and  isolated  thing,  but  it  was  the  central 
factor  in  a  great  and  comprehensive  system.  The  whole  trend  and 
evolution  for  the  past  sixteen  years  has  been  in  the  development  of 
the  polyphase  system  primarily  that  it  may  operate  the  polyphase 
induction  motor.  The  realization  of  the  Tesla  invention  was  looked 
for  simply  in  a  motor  to  be  forthcoming  in  a  few  months;  it  has 
come  in  an  evolution  of  engineering  practice  which  has  been  the 
work  of  years.  Chas.  F.  Scott. 


The  International  '^^^^     International     Electrical     Congress 

Electrical  Congress  ^'^^^  ^^  ^^^  ^^"^^  ^"  .September  undoubtedly 
surpassed  previous  records  in  the  number  of 
electrical  scientists  and  engineers  which  it  brought  together  and  in 
the  number  of  papers  which  were  presented  and  discussed.  About 
one  hundred  and  sixty  papers,  contributed  by  invited  experts,  were 
presented  before  the  eight  sections  of  the  congress,  which  met 
simultaneously.  The  transactions  of  the  congress  will  form  a  most 
valuable  and  comprehensive  epitome  of  electrical  ideas  and  practice 
at  the  present  time. 

Other  congresses  are  on  the  program  of  the  Louisiana  Pur- 
chase Exposition  which  will  deal  with  all  phases  of  progress — ma- 
terial, social  and  intellectual.  It  is  doubtful,  however,  whether  any 
other  congress  deals  with  matters  which  have  had  a  more  rapid  and 
extended  development  or  are  more  far-reaching  in  their  influence 
than  those  which  are  within  the  scope  of  the  Electrical  Congress. 
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And  yet  the  Electrical  Congress  with  its  multitude  of  papers,  do- 
mestic and  foreign,  did  not  bring  forth  anything  startling  or  revolu- 
tionary. This  is  illustrated,  for  example,  by  the  proceedings  of  the 
power  transmission  section.  Scarcely  a  branch  of  electrical  work 
shows  a  greater  rate  of  development  at  the  present  time.  There 
was  not  a  high-voltage  polyphase  transmission  line  in  this  countrv 
at  the  time  of  the  World's  Fair  at  Chicago.  Generally  speaking  the 
subjects  presented  dealt  with  matters  which  have  become  of  conse- 
quence during  the  past  five  or  six  years.  The  future  promises  to 
witness  a  continued  advance.  But  the  papers  and  discussions  were 
not  speculative  nor  did  they  propose  new  and  radical  things.  They 
dealt  almost  wholly  with  construction  and  operation,  with  materials 
and  designs,  with  experiences  and  methods. 

In  a  general  way  the  work  in  this  section  of  the  congress  was 
typical  of  all.  The  electrical  world  is  interested  in  standards,  in. 
improvement  of  methods,  in  working  out  more  efficient  ways  of  do- 
ing things.  The  papers  and  the  discussions  and  the  friendly  meet- 
ing together  of  engineers  indicates  an  efficient  co-operation  among 
electrical  men  which  is  a  distinct  factor  in  eiifective  progress. 

Ch.vs.  F.  Scott. 


The    article    on    Electric    Railway    Braking    which    ap 
Electric    pears  in  this  issue  of  The  Journal  is  the  tirst  of  a  series 
Railway    of  articles  on  this  important  subject  which  we  believe 
Braking    will  be  of  interest  to  those  directly  connected  with  the 
operation  of  electric  railways,  and  also  to  the  vast  trav- 
eling public  whose  safe  transit  so  largely  depends  upon  the  efficiency 
of  the  car  brakes. 

The  braking  problem  at  once  presents  tw^o  points  of  view  ;  the 
safety  of  the  pu1:)lic  and  the  increase  in  the  earnings  of  the  system. 
An  efficient  and  reliable  liraking  equipment  affords  faster  sched- 
ules and  greater  safety.  A  fast  schedule  not  only  means  a  directly 
proportionate  increase  in  dividends  but  also  greater  satisfaction  to 
the  passengers  who,  as  a  rule,  place  considerable  value  on  their 
time — often  to  the  neglect  of  their  own  safety.  Thus  the  two  view 
points  are  in  reality  one.  The  efficient  operator  will  look  after  the 
safety  of  his  passengers  as  well  as  the  road  earnings,  while  the 
public  is  as  much  interested  in  fast  schedules  as  the  operator,  though 
from  a  different  reason. 
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The  subsequent  articles  will  cover  the  various  ty])es  of  air 
brakes.  These  differ  in  their  methods  of  operation  and  in  the  source 
of  the  compressed  air  employed.  The  proper  design  of  foundation 
brake  £^"ear,  so  essential  to  an  efficient  and  reliable  brake,  will  be 
discussed.  The  maintenance  of  brakes  and  the  effect  upon  the  oper- 
ating- schedule  of  the  right  and  wrong  ways  of  handling  them  will 
form  another  interesting  problem.  Tiie  development  of  the  magnetic 
brake  will  be  broadly  treated,  including  its  particular  field  of  utility. 

The  series  of  articles  will  close  with  an  historical  sketch,  of  the 
progress  of  the  art  of  braking  from  its  inception  to  the  perfected 
types  of  to-day. 


CLUB  NEWS 


Another  season  of  social  life  among 
the  members  of  The  Electric  Club  was 
opened  Saturday  evening,  October  i, 
with  a  smoker.  Over  two  hundred 
members  gathered  at  the  club  rooms, 
according  a  most  hearty  reception  to 
the  new  men. 

Instrument  and  voice  of  club  talent 
furnished  good  music,  which,  with 
chorus  singing  of  college  songs  in  true 
smoker     style,    brought    back    many     a 


memory   of  good    (jld    college    days,   and 
the  evening  went  all  too  quickly. 

Undoubtedly  the  hit  of  the  evening 
was  made  by  Blackmore  and  Baker 
with  their  bagpipes  and  Scottish 
dances.  Much  expression  of  fellow 
feeling  was  given  through  a  great 
variety  of  college  yells,  with  the  result 
that  two  prizes  were  ofifered  by  Mr.  C. 
F.  Scott,  one  for  the  best  Electric 
Club  yell,  the  other  for  the  best  Elec- 
tric Club  song. 


PERSONAL  MENTION 


A.  E.  Flowers  has  left  the  Company 
to  take  the  position  of  instructor  in 
Electrical  Engineering  at  the  University 
of  Missouri,  Columbia,  Mo. 

Charles  H.  Davis  recently  resigned 
his  position  as  general  manager  of  the 
Scientific  Materials  Company  of  Pitts- 
burg to  accept  a  position  with  the 
Nernst  Lamp   Company. 

V.  Karapetofi',  author  of  the  series  of 
articles  on  alternating-current  diagrams, 
now  going  through  The  Electric  Club 
Journal,  has  been  appointed  Assistant 
Professor  of  Electrical  Engineering  at 
Cornell  University. 

Mr.  John  S.  Peck  will  leave  Pitts- 
burg about   the  middle  of  the  month  to 


go  to  Manchester,  where  he  will  be- 
come Acting  Chief  Electrical  Engineer 
of  the  British  Westinghouse  Electric 
and  Manufacturing  Company.  Mr.  Peck 
entered  the  Electric  Company  a  little 
over  ten  years  ago,  shortly  after  gradu- 
ation from  Cornell  University.  After  a 
short  time  on  the  Student  Course,  he 
took  up  engineering  work  in  connection 
with  transformer  design.  He  soon  be- 
came the  head  of  the  transformer  de- 
signing work,  which  position  he  has 
held  until  the  present  time. 

Mr.  C.  H.  Darrall  has  Igft  the  Test- 
ing Department  of  the  Electric  Com- 
pany to  direct  the  laying  out  of  the 
Testing  Department  at  the  new  factory 
of  the  Canadian  Westinghouse  Company 
at  Hamilton,  Ontario. 


INDUSTRIAL  NOTE 

A  most  artistic  folio-catalogue  has 
just  been  received  by  us  from  The 
William  B.  Pollock  Company,  Youngs- 
town,  Ohio. 

All  descriptive  matter  has  been  en- 
tirely eliminated  save  a  brief  introduc- 
tory calling  attention  to  blast  furnace 
construction,  also  riveted  pipe  and  steel 
chimney  work.  The  folio  is  a  work  of 
art — contains  sixty  full-page  halftones, 
done  on  heavy  paper,  forming  a  beau- 
tiful and  comprehensive  pictorial  re- 
view of  work  erected  by  that  company 
during  the  past  five  years. 


WANTS 


WANTED — A  position  by  a  young  man 
who  has  a  diploma  in  electncal  engineering. 
Can  furnish  good  references.  Address 
C.  W.  Dickinson,  1008  Oak  street,  El- 
mira,  N.  Y. 

WANTED — Your  orders  for  technical 
books.  A  full  hne  of  the  latest  works  on 
electrical  and  mechanical  subjects.  Liberal 
discount  from  current  prices  Chas.  J. 
Saab,  415  Ross  street,  Wilkinsburg. 


WANTED  — Back  numbers  of  THE  ELEC- 
TRIC CLUB  JOURNAL.  I  will  pay  iS 
cents  each  for  all  March,  April,  May  and 
June  copies.  W.  T.  Hardern,  P.  O.  box 
911,  Pittsburg. 
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THE  POINT  OF  VIEW* 

By  WALTER  C.   KERR 

IT  IS  a  pleasure  to  talk  to  a  lot  of  young  men  who  are  about  to 
become  engineers.  It  was  not  so  long  ago  that  I  came  to  your 
age  less  well  prepared,  perhaps,  than  any  of  you.  When  I  look 
back  at  the  engineering  education  through  which  men  of  my  time 
were  launched,  and  then  consider  the  training  you  have  had  and  the 
opportunities  before  you,  I  have  reason  to  wonder  why  I  am  here. 

I  hesitate  to  advise  you.  You  have  already  had  so  much  advice 
that  I  do  not  know  whether  you  can  hold  more.  What  I  can  say 
in  a  few  minutes  will  amount  to  little,  so  let  me  use  these  minutes 
to  suggest  that  you  advise  yourselves  along  certain  lines  which  I 
will  propose  by  way  of  point  of  view.  If  you  look  straight  you  will 
see  straight.  You  cannot  think  wrong  and  act  right.  Your  per- 
spective will  be  distorted  if  you  haven't  the  right  point  of  view. 

You  are  leaving  a  good  institution  for  a  good  world.  Your 
Alma  Mater  has  built  up  around  you  excellent  facilities  for  giving 
you  what  you  need,  and  other  institutions  have  likewise  cared  for 
their  own. 

The  so-called  liberal  education  has  always  been  highly  academic. 
Trade  school  engineering  has  been  strictly  non-academic.  The  two 
have  joined  hands  fortuitously  in  our  modern  institutions.  The  lib- 
eral education  has  become  less  and  the  technical  more  academic,  with 
advantage  to  botli.  There  is,  however,  danger  of  engineering  edu- 
cation growing  too  academic,  for  several  reasons.  One  is  the  dis- 
position to  include  in  technical  training  a  liberal  education,  which  of 
itself  is  not  undesirable.  Another  is  that  engineering  professors 
often  lean  unduly  towards  academic  views  and  processes,  and  thus 
lose  touch  with  the  spirit  of  the  engineering  world,     (greater  than 
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either  of  these  is  the  tendency  of  aU  things  to  move  in  the  hne  of 
least  resistance,  and  all  learning  which  depends  upon  the  intellect 
alone  is  more  easily  acquired  than  that  which  depends  upon  other 
sources.  The  proof  of  this  need  go  no  further  than  to  remember 
that  no  literature  is  finer  than  that  written  two  thousand  years  ago; 
no  philosophy  has  fundamentally  improved  upon  that  of  the  ancients ; 
the  highest  flights  of  intellect  and  mathematics  were  reached  during 
the  ages  in  which  the  world  was  observed  to  be  composed  of  four 
elements — earth,  air,  fire  and  water. 

A  review  of  knowledge  shows  the  great  preponderance  of  the 
intellectual  over  the  material,  and  it  is  only  within  late  centuries,  in 
fact  almost  the  past  centur}',  that  the  human  mind  has  seemed 
capable  of  turning  from  the  lesser  resistance  of  intellectual  attain- 
ment to  the  greater  capacity  for  physical  observation  and  compre- 
hension. We  have  but  recently  come  to  the  era  of  intense  mental 
operations,  dealing  with  laws  and  principles  which  require  insight 
greater  than  the  intellect  can  grasp  unless  aided  bv  the  senses.  Con- 
trary, therefore,  to  common  belief,  I  assert  that  the  highest  refine- 
ment of  knowledge  follows  from  the  highest  use  of  the  senses ;  and 
that  it  has  taken  thousands  of  years  of  pure  intellectual  development 
to  attain  a  state  in  which  the  powers  of  nature  can,  through  human 
intellect,  be  made  useful  to  mankind,  and  add  largely  to  knowledge. 
Do  not,  therefore,  get  a  wrong  view  of  the  faculties  involved  in 
science,  in  the  application  of  the  laws  of  nature,  applied  mechanics, 
and  the  powers  of  comprehension  which  underlie  engineering.  There 
is  still  room  for  doubt — not  debatable  here— as  to  what  constitutes 
liberal  education. 

I  hope  for  the  time  when  the  spirit  of  engineering  as  found  in 
practice  will  form  a  more  definite  part  of  engineering  education. 
This,  I  think,  must  come  through  the  professor  keeping  in  close 
])ractical  touch  with  the  engineering  world.  There  are  various  ways 
in  which  this  may.  be  accomplished,  but  I  know  of  none  better  than 
by  each  professor  doing  a  reasonable  amount  of  practical  work  for 
commercial  purposes.  Under  some  conditions,  this  may  be  con- 
sistently accomplished  during  a  portion  of  his  time,  but  1  am  inclined 
to  think  that  eventually  our  professors  will  devote  all  their  time  to 
instruction  while  they  teach,  and  go  periodically  into  the  world,  a 
few  years  at  a  time  for  practice.  Thus  the  professorial  life  would  not 
be  so  exclusively  educational,  and  our  growing  engineering  institu- 
tions may  be  enabled  to  enlarge  their  faculties  by  the  devotion  to 


THE  POIXT  OF  riEir  565 

teaching  of  a  portion  of  tlic  time  of  men  who  are  primarily  engaged 
in  commercial  work. 

XdW  that  you  have  your  so-called  educatidn,  what  are  }ou  going 
to  do  with  it?  I  cannot  tell  }(tu,  hut  T  can  suggest  some  points  of 
view. 

Begin  bv  forgetting  }ourself.  All  thought  of  self  is  some  form 
of  selfishness,  and  selfishness  never  produced  anything  better  than 
more  selfishness.  It  often  breeds  something  worse.  Genius  is  all 
right  in  its  way.  but  it  will  not  do  your  work.  Get  a  right  idea  of 
work.  Remember. that  time  is  the  essence  of  most  things,  and  is 
not  inconsistent  with  thoroughness. 

We  hear  much  about  opportunities.  They  are  everywhere 
plentiful.  Remember  that  your  opportunity  is  the  little  one  that 
lies  squarely  in  front  of  }Ou.  not  the  large  one  which  }'ou  hope  to 
find  further  along.  ^Nlany  a  man  is  surrounded  with  opportunities 
who  never  seizes  one.  There  are  traditions  that  Adam,  William  Tell 
and  Sir  Isaac  Xewton,  each  had  an  affair  with  an  apple,  but  with 
different  results. . 

Your  first  du.t}'  is  always  to  that  which  lies  across  your  path. 
The  only  step  which  you  can  take  in  advance  is  the  next  one.  This 
leads  to  a  simplicity  of  action  which  is  commendable.    Don't  ramble. 

The  refinement  of  thought  which  is  apt  to  follow  high  training 
often  leads  the  mind  to  overlook  simplicity  and  to  even  seek  coni- 
plexity.  The  wealth  of  modern  appliances  tends  likewise,  and  it  is 
thus  easy  to  acquire  that  over-refinement  often  termed  theoretical, 
as  against  the  simplicity  which  is  called  practical. 

From  one  point  of  view,  all  graduates  can  be  divided  into  two 
classes;  those  who  think  their  knowledge  is  a  little  long  for  their 
opportunities,  and  those  who  think  most  anything  is  a  little  long  for 
their  knowledge.  Both  are  apt  to  think  that  the  knowledge  they 
have  acquired  will  l)ecome  the  essence  of  performance.  You  will 
soon  find  that  knowledge  hasn't  much  to  do  with  effectiveness.  It 
is  necessary.  r)nly  as  w'ords  are  essential  to  the  expression  of  thought. 
You  will  find  knowledge  a  good  tool,  but  not  the  vital  force  with 
which  you  perform.  You  will  fall  back  upon  human  effort  and 
action,  and  find  that  it  is  the  human-engine  and  not  the  knowledge- 
engine  that  does  ihc  work. 

Cultivate  singleness  of  purpose.  This  is  more  important  than 
you  may  think,  ft  is  intuitive  with  the  comparatively  ignorant,  and 
often  absent  in  the  highly  trained.     We  are  frequently  surprised  at 
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the  great  competenc}  of  the  ignorant  contractor  or  foreman,  on 
whom  judgment  is  often  passed  by  saying  that  he  is  a  practical  man 
and  gets  results.  Analysis  will  show  that  his  best  quality  is  single- 
ness of  purpose,  which  leads  him  to  vigorously  do  the  one  thing  be- 
fore him,  without  distraction  following  from  knowing  or  thinking 
about  too  many  other  things. 

The  broadening  power  of  education  and  training  increases  the 
range  of  contemplation,  but  unless  the  power  of  concentration  is 
cultivated  there  follows  a  tendency  to  scatter  instead  of  to  acquire 
that  singleness  of  purpose  which  leads  to  effective  action.  David 
Starr  Jordan  has  said :  "The  purpose  of  knowledge  is  action.  But 
to  refuse  action  is  to  secure  time  for  the  acquisition  of  more  know- 
ledge. It  is  written  in  the  very  structure  of  the  brain  that  each  im- 
pression of  the  senses  must  bring  with  it  the  impulse  to  act.  To  re- 
sist this  impulse  is  to  destroy  jt.  *  *  *  This  lack  of  balance 
between  knowledge  and  achievement  is  the  main  element  in  a  form 
of  ineffectiveness  which,  with  various  others,  has  been  uncritically 
called  degeneration."  Thus  President  Jordan  shows  how  even  much 
more  than  a  little  knowledge  may  be  a  dangerous  thing.  The  highly 
trained  man  therefore  needs,  as  a  complement  to  his  training,  unusual 
powers  of  concentration,  in  order  that  the  virtue  of  singleness  of  pur- 
pose may  not  be  lost.  This  faculty  a  man  must  have  or  acquire 
himself.  It  is  not  in  the  books.  It  cannot  be  taught.  It  can  only 
be  suggested  by  precept  and  example. 

From  directness  of  purpose  naturally  follows  diligence  in  get- 
ting what  you  go  after,  and  not  being  easily  turned  aside  by  resist- 
ance. \Vhen  you  are  getting  what  you  go  after,  get  it  all.  Avoid 
the  mediocrity  of  compromise.  Be  thorough  and  stand  for  full  com- 
petency in  everything,  from  main  essentials  to  details.  Just  so  far  as 
education,  assisted  by  concentration,  contributes  to  singleness  of 
purpose  it  is  useful,  but  where  by  length,  breadth  or  depth  it  dilutes 
human  effort,  it  lacks  value.  It  is,  therefore,  not  so  much  the  ques- 
tion of  how  much  educational  training  you  have  as  it  is  how  you  use 
it.  Some  can  use  a  little  with  great  effect,  because  their  point  of  view 
is  right ;  others  scatter  so  badly  that  they  cannot  use  their  knowledge 
at  all ;  while  some  distorted  minds  seem  to  have  a  faculty  for  misap- 
plying a  large  amount  of  acquired  knowledge  through  complicated 
processes  full  of  error.  To  be  right,  you  must  be  one  hundred  per- 
cent right.  Charity  may  pardon  human  nature  its  percentage  of  de- 
linquency, but  this  is  a  human  matter.     The  laws  of  nature,  mathe- 
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matics,  and  engineering,  do  not  pardon  anything.  The  man  may 
therefore  be  absolved  from  censure,  but  his  work  must  stand  the 
rigid  test  of  inviolable  law.  Nor  is  it  too  much  to  say  that  you  must 
be  right  the  first  time.  Much  of  our  engineering  is  only  done  once, 
and  it  must  be  done  right  that  once.  A  man  who  has  learned  by  ex- 
perience to  do  a  thing  deserves  no  credit  for  doing  it  right.  He  is 
then  only  a  repeating  machine.  Real  power  is  characterized  by  abil- 
ity to  perform  right  the  first  time  that  which  a  man  never  did  before. 
Such  performance  involves  the  power  to  assimilate  and  adapt  experi- 
ences, of  more  or  less  like  or  unlike  kind,  in  a  way  to  bring  forth 
correct  results.  This  is  the  true  use  of  experience,  wherein  a  man  is 
a  thinking,  active  power,  and  not  a  mere  repeater. 

Clearness  of  thought  is  an  essential  often  lacking.  This,  too, 
follows  from  concentration  and  singleness  of  purpose.  Many  minds 
confuse  themselves  with  a  wealth  of  ideas,  grading  from  the  well- 
formed  to  hazy,  indistinct  conceptions.  You  can  clear  your  mind  by 
proper  habits  of  thought.  Train  yourself  to  separate  essentials  and 
non-essentials  and  confine  your  consideration  to  the  essentials  ;  to  dis- 
tinguish between  what  you  know  and  what  you  only  vaguely  sur- 
mise, clearly  eliminating  opinion  from  facts.  Nothing  is  more  help- 
ful than  conference  with  yourself,  in  which  you  determine  what  you 
think  of  your  own  thoughts.  This  is  aided  by  the  moderate  cultiva- 
tion of  system — thinking  in  an  orderly  manner,  beginning  at  the 
beginning,  ending  at  the  end,  and  being  sure  to  have  a  middle.  With 
this  there  should  be  no  slavery  to  system,  but  let  each  find  his  own 
logical  way. 

Besides  what  are  commonly  known  as  ideas,  men  have  intui- 
tions— sometimes  called  impressions  or  opinions — which  they  cannot 
readily  prove.  These  I  believe  are  identical  with  reason,  except  that 
while  reason  is  composed  of  a  sequence  of  distinct  ideas,  each  capa- 
ble of  expression,  intuitions  follow  from  the  capacity  of  the  human- 
mind  to  integrate  small  ideas  and  impressions,  each  of  which  is  too 
small  to  stand  alone,  or  to  be  readily  expressed,  hut  which  integrated 
form  a  concrete  mental  impression,  called  an  intuition,  and  which  is 
cf  exactly  the  same  character  as  reason,  except  that  it  is  composed 
of  smaller  and  almost  intangible  units.  Do  not,  therefore,  discard  in- 
tuitions as  inferior  to  reason.  Analysis  will  sometimes  develop  in- 
tuition into  an  expressible  logical  thought. 

You  have  all  had  ideas  and  you  will  have  more  of  them.  Some 
ideas   seem   bigger,  than  others.      These   mental    forces,    like   other 
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forces,  only  do  work  when  in  motion.  Hence  your  ideas  are  only 
valuable  when  ])ut  into  execution,  and  this  often  requires  more  tal- 
ent than  to  oriq-inate  them.  Some  men  seem  to  consider  their  ideas 
so  good  that  they  will  execute  themselves. 

A  point  of  view  is  involved  in  the  power  to  rationalize.  This 
g^ain  is  a  thing-  which  each  man  does  for  himself  in  his  own  best 
way,  and  its  essence  consists  in  asking  one's  self  whether  the  thing  is 
reasonable.  It  is  a  great  check  upon  error.  It  applies  equally  to 
nearly  everv'diing  of  which  engineering  is  composed.  It  is  the  power 
of  the  human  mind,  after  performing  in  more  or  less  systematic  and 
conventional  ways,  to  stand  off  and  look  at  results  and  ask  one's  self 
whether  they  arc  reasonable.  One  man  will  figure  that  certain  ma- 
terial weighs  two  hundred  tons,  and  believe  it.  Another  will  say 
that  there  is  something  wrong  in  that,  for  it  all  came  on  two  cars. 

Every  young  man  comes  sooner  or  later  upon  a  dilemma,  in 
which  he  is  more  or  less  drawn  in  opposite  directions  by  his  confi- 
dence on  the  one  hand  and  timidity  on  the  other;  a  desire  to  per- 
form hacked  by  the  courage  of  his  convictions,  but  on  the  other  hand 
resisted  by  his  inability  to  see  his  way  through  in  orderly  progression 
to  a  desired  end.  This  is  about  the  time  to  show  your  nerv^e.  Don't 
be  dazed  and  baffled,  but  make  a  start.  Cse  your  wits  and  you  will 
get  somewhere,  and  if  you  cannot  always  see  the  end  it  will  con- 
stantly get  nearer  and  plainer  when  you  go  as  far  as  you  can  sec 
and  then  see  how  far  you  can  go. 

-Another  point  of  view  concerns  engineering  expression.  This 
may  be  through  designs,  drawings,  mathematical  determinations,  or 
words,  and  finally  by  work  done.  The  lamest  of  these  is  words.  All 
engineering  is  so  non-literary  in  character  that  the  use  of  language 
is  too  much  neglected,  leading  to  expressions  that  do  not  properly 
convey  thought.  In  engineering,  it  is  not  rhetoric  but  diction  that 
makes  expression  clear,  and  diction  is  best  learned  fron:  the  diction- 
ary. It  is  well  for  a  young  engineer  to  cultivate  his  vocabulary,  and 
learn  to  use  words  in  their  right  sense.  They  are  then  usually 
up.derstood,  even  b}-  those  who  have  less  knowledge.  .\  word  of  cau- 
tion, however,  against  assuming  that  a  lack  of  facility  of  expression 
can  cloak  an  absence  of  knowing  what  you  think.  Engineering  docu- 
ments, specifications  and  letters  are  full  of  mis-statements  due  to  the 
careless  use  of  langauge.  Conciseness  can  not  be  over-estimated, 
lirevity  is  desirable,  but  not  at  the  expense  of  clearness.  Conversely, 
a  certain  degree  of  facility  should  be  acquired  in  reading  the  words 
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(if  others.  Some  seem  incapaljle  of  niKlerstandin^-  plain  language 
when  spoken  or  written.  .Vny  one  persistently  failing-  to  understand 
the  language  of  others  has  limitations  needing  correction. 

One  of  the  worst  attributes  in  engineering,  and  which  is  funda- 
mentally born  of  conceit,  tends  to  fasten  error,  censure  and  respon- 
sibility on  others.  There  are  times  when  a  man  needs  to  stand  him- 
self up  in  front  of  himself  and  ask:  ^\dlat  is  the  matter  with  me? 
The  capacity  of  any  man  to  admit  his  own  error  and  frailty  of  judg- 
ment is  a  measure  of  strength  rather  than  weakness. 

Perhaps  no  personal  attributes  are  of  greater  importance  in  the 
conduct  of  the  business  affairs  of  an  engineering  life  than  good 
cheer  and  non-contentiousness.  Not  only  because  these  are  right  and 
agreeable,  but  because  they  enable  a  man  to  work  better,  to  be  better 
understood,  and  they  add  weight  to  his  opinion.  There  is  a  certain 
reasonable  optimism  of  manner  which  makes  a  man  and  his  ideas 
welcome,  even  though  they  must  of  necessity  sometimes  be  critical. 
To  vote  aye  and  believe  that  things  can  be  done  makes  a  man  helpful 
to  others  and  to  enterprises.    Discontent  is  not  a  sign  of  progression. 

Each  of  }ou  probably  has  a  preconceived  notion  of  following 
some  line  of  engineering.  Be  careful  about  your  self-analysis.  The 
field  is  large  and  has  room  for  all  of  the  various  types  of  men,  some 
of  whom  incline  to  constructive  operations,  others  toward  inventive, 
some  to  the  contemplative.  Again,  within  all  these  divisions,  some 
tend  toward  professional  and  others  trade  work.  No  one  can  ad- 
vise what  is  best  for  you.  This  you  must  find  out  for  yourself.  I 
cannot  help,  however,  a  certain  predilection  in  favor  of  a  young  man 
being  just  an  engineer,  and  not  any  particular  kind  of  an  engineer- 
not  specializing  while  too  young,  but  developing  along  versatile 
lines,  ready  to  turn  his  hand  cc[ually  well  to  any  task  within  his  gen- 
eral scope.  In  this,  there  is  a  good  deal  in  the  point  of  view,  and  the 
man  who  believes  he  can  apply  himself  in  one  direction  about  as  well 
as  another  will  come  nearer  doing  it  than  one  who  thinks  he  cannot. 

When  you  start  your  ])ractical  work,  you  will  doubtless  try  to 
improve  things.  This  is  a  legitimate  purpose,  if  not  overworked.  I 
am  not  going  to  attempt  to  tell  you  what  needs  improvements,  but 
the  one  improvement  that  most  things  need  is  in  the  line  of  suffi- 
ciency. You  can  think  this  over  for  yourself  and  apply  it  where  it 
fits. 

There  is  another  point  of  view  seldom  considered.  It  relates  to 
environment  and  the  j^owcr  to  vary.     It  is  pertinent  to  engineering. 
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Man  ascended  through  and  exists  under  the  laws  of  an  organic 
evokition,  which  occurred  almost  entirely  in  early  geological  ages, 
under  water,  within  a  few  miles  of  shore,  under  substantially  con- 
stant temperature,  constant  pressure,  and  uniform  food  supply,  and 
thus  in  about  the  simplest  possible  environment.  It  was  caused,  pri- 
marily, through  the  force  known  as  the  power  to  vary,  and  the  rea- 
son that  evolution  spanned  the  space  from  the  simple  cell  to  the 
vertebrate  animal  in  so  short  a  time  was  that  this  power  was  not  re- 
sisted by  complex  environment.  When  organism  emerged  from  the 
water  to  the  more  complex  environment  of  the  land,  and  as  environ- 
ment grew  constantly  more  intricate,  its  resistance  retarded  evolu- 
tion and  resulted  in  fixation  of  species  until  ordinal  evolution  practi- 
cally ceased.  It  is  the  complexity  of  the  environment  of  the  world 
that  presses  upon  you  and  tries  to  hold  you  back  from  the  exercise 
of  your  native  power  to  vary.  A  good  environment  is  certainly  less 
harmfully  resistant  than  a  bad  one,  but  remember  that  environment 
is  not  a  force.  It  is  not  a  producer.  You  are  the  producer.  \A^hat- 
ever  be  your  power  to  vary,  environment  will  only  resist  and  re- 
duce it. 

Therefore,  remember  that  all  the  good  you  accomplish  is  going 
to  come  out  of  yourself.  You  cannot  borrow  it  and  you  cannot 
make  it  out  of  that  which  has  been  poured  into  you  by  education  or 
otherwise.  All  that  you  receive  is  only  a  certain  quantity  of  knowl- 
edge, acquired  by  education,  experience,  or  other  training,  which  will 
have  a  certain  influence  upon  what  comes  out  of  yourself  as  your 
own.  It  IS  the  inherent  capacity  to  perform  with  your  own  brain 
which  will  make  you  what  you  become,  and  not  the  mere  transmis- 
sion of  that  which  you  have  acquired.  Your  knowledge,  therefore, 
is  of  little  avail  until  you  make  it  inherently  a  part  of  yourself 
through  mental  assimilation  and  utilization.  The  clearer  you  com- 
prehend these  things,  the  more  readily  you  can  make  use  of  them  as 
against  the  process  of  mere  acquirement  with  a  vague  motive  that  in 
some  way  or  other  what  you  acquire  may  be  a  benefit,  or  that  en- 
vironment will  be  the  force  that  makes  your  talent  effective.  Some 
have  gone  through  experience  without  acquiring  it,  and  many  a  man 
who  has  received  an  education  has  not  got  any  because  he  allowed  it 
to  be  a  thing  apart  from  his  personality  and  it  slipped  away. 
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PART    II 

By  STUART  J.   FULLER 
AUTO>[ATIC    AIR    BRAKES 

THE  automatic  system  of  air  brakes  find  its  sphere  in  electric 
railway  service  where  cars  are  operated  in  trains  or  where 
electric  locomotives  are  used  to  haul  coaches  or  freight  cars. 
This  type  of  brake  is  now  used  on  all  of  the  elevated  railways  in 
this  country  as  well  as  on  many  surface  roads. 

The  first  form  of  automatic  air  brake,  known  technically  as  the 
plain  or  straight  automatic,  is  the  in\'ention  of  George  Westinghouse, 
and  was  put  in  service  in  1872.  The  need  for  an  appliance  that 
would  simultaneously  apply  the  brakes  on  all  the  cars  of  a  long 
train  had  made  itself  felt  for  m^any  years  and  numerous  schemes 
had  been  devised  to  meet  this  requirement,  including  spring  brakes, 
chain  brakes-  and  vacuum  brakes.,  None  of  these  have  ever  been 
used  in  electric  railway  practice  with  the  exception  of  the  vacuum 
brake,  which  is  quite  extensively  used  on  steam  railways  in  Eng- 
land and  has  been  adopted  in  a  modified  form  by  a  few  electric  rail- 
ways in  that  country.    It  is  not  used  for  such  service  in  America. 

In  1887  the  Westinghouse  quick  action  automatic  air  brake,  an 
improvement  and  modification  of  the  straight  type,  was  placed  on  the 
market  and  at  once  established  itself  unchallenged  as  the  standard 
of  American  practice  for  all  classes  of  railway  train  service.  When 
electric  railways  began  operating  their  cars  in  trains,  the  cjuick  action 
automatic  air  brake  was  universally  adopted.  On  account  of  the 
lower  first  cost,  a  few  electric  roads  in  this  country  are  still  using 
straight  air  brakes  for  train  service,  but  since  the  development  of 
operating  practice  to  a  higher  plane  this  old  type,  abandoned  by  the 
steam  roads  long  ago,  is  rapidly  being  scrapped. 

In  a  typical  automatic  brake  equipment  the  air  compressor  is 
motor  driven,  and  is  usually  suspended  under  a  car,  or  placed  in 
the  cab  of  an  electric  locomotive.  The  action  of  this  compressor 
is  controlled  by  an  automatic  pump  governor,  the  same  as  that  used 
with  straight  air  brakes  of  the  independent  motor  compressor  type, 
described  in  the  first  article  of  this  series.     The  compressor  circuit 
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is  i)ro\'i(letl  witli  a  fusv  and  snap  switches  at  each  cah.  The  coni- 
pressec!  air  is  stored  in  a  main  reservoir,  tlie  size  of  which  depends 
not  only  on  the  size  of  the  hrake  cylinder  of  the  motor  car  and  the 
auxiliary  pneumatic  apj)liances  to  he  sup])lied.  l)ut  also  on  the  num- 
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FIG.    I DIAGRAM    OF   Al'TOMATlC   AlU    IIUAKIC    Wmi    MOTOK   COMl'RESSOK 

FOR    DOUTSLK-KXD    MOTOR    CAR 
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ber  of  trailers,  the  brakes  of  which  are  to  tlie  operated  from  the 
motor  car  su])ply  of  cc:)mpressecl  air. 

Fig.  I  shows  a  chagram  of  a  typical  automatic  double  end 
ecjuipment  for  a  motor  car,  including  air  whistles  and  the  supple- 
mentary devices  for  operating  them  in  the  most  approved  manner. 
In  this  diagram  the  parts  forming  the  air  brake  equipment  are 
shown  fully  shaded.  The  whistling  devices  mentioned  above  to- 
gether with  the  pipe  and  fittings,  none  of  which  form,  part  of  an 
equipment  in  the  commercial  sense  of  the  term,  are  sh.own  in  flat  tint. 

Fig.  I  also  shows  the  compressor  and  governor  connections 
which  are  the  same  as  with  a  straight  air  brake  ec[uipment;  also 
the  electrical  circuit  leading  from  the  trolley  through  the  governor 
to  the  com.pressor.  The  further  air  connections,  however,  involve 
principles  differing  fundamentally  from  those  of  the  straight  air 
brake.  A  safety  valve  is  placed  on  the  pipe  that  leaves  the  center 
of  the  left  hand  head  of  the  main  reservoir.  This  precludes  the 
possibility  of  overcharging  the  main  reservoir  or  the  braking 
system.  At  the  next  tee,  the  air  passes  through  the  pipe  line  lead- 
ing to  the  operating  valves  and  containing  the  cutout  cocks.  The 
operating  valve  is  provided  with  a  detachable  handle,  which  the 
motorman  may  remove  on  leaving  the  cab.  Each  cab  is  also  pro- 
vid.ed  wdth  a  duplex  gauge  which  iS  piped  so  as  to  indicate  both 
main  reservoir  and  trainpij^e  pressures. 

As  will  be  seen  from  the  diagram,  three  pipe  lines  lead  from 
each  operating  valve.  One  of  these,  that  just  discussed,  is  known 
technicall}-  as  the  reservoir  pipe  and  in  this  the  pressure  is  main- 
tained 90  pounds  per  square  inch.  A  second  one,  the  short  piece 
shown  in  the  diagram,  is  the  exhaust  and  opens  into  the  atmos- 
phere. The  third  leads  to  a  line  of  pipe  known  as  the  train  line 
or  train  pipe  which  is  made  contimious  throughout  the  train  by 
means  of  rubber  Jiose  and  air  tight  couplings  between  the  cars. 

One  of  the  most  important  parts  of  an  automatic  air  brake  is 
the  triple  valve.  This  device  is  illustrated  in  Fig.  2,  wh.ich  shows 
a  brake  cylinder  with  triple  valve  bolted  directly  to  its  head  and 
connected  by  means  of  piping  to  a  detached  auxiliary  reservoir.  Fig. 
I  also  shows  another  arrangement  of  these  three  pieces  of  appar- 
atus bv  which  the\'  are  all  l)ohi'd  together,  the  tri])]e  \alve  having  a 
direct  connection  to  the  auxiliary  reservoir  and  being  connected  to 
the  brake  cvlinder   b\-   means   of   a  tube   that   passes  through  the 
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center  of  the  auxiliary.  This  latter  arrangement  is  the  one  usually 
employed  on  electric  cars,  although  the  detached  type  of  reservoir 
is  often  employed  where  the  complication  of  apparatus  on  the 
car  body  will  not  allow  sufficient  room  for  the  combined  type.  On 
electric  locomotives  where  space  is  especially  limited,  the  triple 
valve  is  generally  mounted  on  a  bracket  inside  the  cab  and  piped 
to  the  auxiliary  end  of  the  brake  cylinder.  With  the  automatic 
system,  everv-  car  in  the  train  is  equipped  with  an  auxiliary  reser- 
voir, a  brake  cylinder  and  a  triple  valve.  As  will  be  seen  from 
Fig.  3  the  triple  valves  are  all  connected  to  the  train  pipe.      The 


FIG.    2 BRAKE    CYLINDER    WITH    DETACHED  TYPE  AUXILIARY    RESERVOIR 

fitting  through  which  the  connection  is  made  is  an  air  strainer, 
placed  there  to  prevent  dirt  and  grit  that  may  accumulate  in  the 
train  pipe  from  entering  the  triple  valve. 

It  is  this  triple  valve  that  makes  possible  the  simultaneous  ap- 
plication of  the  brakes  on  every  car  in  the  train  at  the  will  of  the 
motorman.  In  a  general  way  the  triple  valve  consists  of  a  main 
piston  which  constitutes  a  movable  wall  separating  trainpipe  and 
auxiliary  reservoir.  Its  movement  actuates  the  valves  that  open  and 
close  the  various  passages  through  which  the  air  is  guided  to  do 
its  work.     The  movement  of  this  piston  depends  upon  the  differ- 
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ence  in  the  pressures  upon  either  side  of  it,  that  is,  the  difference 
between  trainpipe  and  auxihary  pressures.  When  the  motorman's 
brake  valve  is  in  such  a  position  that  air  can  flow  through  it  from  the 
main  reservoir  into  the  trainpipe,  the  triple  valve  pistons  auto- 
matically assume  such  a  position  that  the  compressed  air  flows  by 
them  into  the  auxiliary  reservoirs  until  the  pressure  in  these  is  equal 
to  that  in  the  trainpipe.  When  this  equalization  of  pressures  is 
accomplished  these  pistons  move  to  a  position  of  equilibrium  and 
close  the  connections  between-  the  trainpipe  and  auxiliary  reser- 
voirs. If  now  the  motorman's  brake  valve  be  placed  in  a  position 
such  that  trainpipe  air  can  flow  through  it  to  the  atmosphere,  or  if 
from  any  cause  air  be  exhausted  from  the  trainpipe,  even  in  com- 
paratively small  quantities,  the  pistons  will  move  toward  the  train- 
pipe  side,  where  the  pressure  has  been  reduced.  By  so  doing  they 
open  passages   from  the  auxiliar}^  reservoirs  on  each  car  to  their 
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FIG.    3 DIAGRAM    OF    AUTOAIATIC    AIR    BRAKE    FOR   TRAILER    CAR 


respective  brake  cylinders,  where  this  air  forces  the  cylinder  pistons 
outward,  actuating  the  system  of  levers  that  force  the  brake  shoes 
against  the  wheels.  Then,  when  the  motorman's  brake  valve  is 
again  placed  in  the  position  connecting  the  main  reservoir  to  the 
trainpipe  the  triple  valve  pistons  move  back,  actuated  by  the  re- 
sultant excess  of  pressure  on  the  trainpipe  side,  thus  again  opening 
communication  from  the  main  reservoir  through  the  trainpipe  to 
the  auxiliary  reservoirs,  and  at  the  same  time  opening  passages  that 
allow  the  air  from  the  brake  cylinders  to  escape  to  the  atmosphere. 
It  is  this  exhausting  from  the  triple  valves  at  the  release  of  the  brakes 
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that  causes  the  whistling-  sound  heard  on  cars  ecjuipped  with  auto- 
matic air  brakes. 

From  this  it  will  be  seen  that  the  basic  difference  between 
straight  and  automatic  air  l)rakes  h'es  in  the  fact  that  with  the 
former  the  air  from  the  inai)i  reservoir  applies  the  air  brakes,  while 
in  the  latter  it  is  the  air  from  the  small  aii.riliary  reservoirs  that 
does  this  work.  In  other  words,  straight  air  brakes  are  applied 
by  admitting  air  into  the  train])ipe — automatic  by  exhausting  it 
therefrom. 

One  of  the  greatest  advantages  of  the  automatic  air  brake  as 
opposed  to  tlie  straight  air  type  lies  in  the  increased  efficiency  and 
the  smoothness  of  application  throughout  the  train.  In  the  straight 
air  brake  the  air  must  pass  from  the  main  reservoir  through  the 
operating  valve  and  thence  through  the  trainpipe  into  the  brake 
cylinders  of  the  cars  in  the  train.  .When  used  on  a  train  of  three 
or  more  cars  the  frictional  resistance  opposing  the  passage  of  this 
.'lir  through  the  trainpipe  is  so  great  that  the  operation  of  the 
straight  air  brake  is  slow^.  With  the  quick  action  automatic  system 
the  brakes  are  applied  on  every  car  at  practicall}-  the  same  instant, 
only  a  very  slight  reduction  in  trainpipe  pressure  being  necessary 
to  operate  all  the  triple  valves  and  consequently  successive  appli- 
cation and  successive  release,  which  result  in  disagreeable  jerking 
and  bumping,  are  avoided. 

To  secure  safety  a  brake  must  be  such  that  it  can  be  relied 
upon  to  operate  properly  at  any  and  all  times.  Safety  is  the  strong- 
est feature  of  the  automatic  air  brake.  Each  trailer  car,  and  often 
each  motor  car  as  well,  is  provided  with  a  conductor's  valve,  which 
will  exhaust  air  from  the  trainjMpe  when  opened  and  thereby  it 
is  possible  to  apply  the  brakes  from  any  part  of  the  train  in  case 
of  an  emergency. 

The  bumping  and  jerking  due  to  successive  applications  on  cars 
in  a  train  equipped  with  straight  air  carries  with  it  the  danger  of 
parting  the  comparatively  light  car  couplings  used  in  electric  rail- 
way practice.  In  case  of  an  accident  to  the  trainpipe  or  couplings 
from  any  cause,  if  the  train  is  equipped  with  automatic  air  brakes, 
the  brake  is  instantly  ai)])lied  on  every  car,  while  with  straight  air 
the  motorman  has  no  air  brake  at  his  command  at  all  and  is  left 
to  rely  on  the  hand  brake. 

A   first-class  aiUomatic  brake  e(|m'i)ment   should   include  drain 
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cocks  for  all  of  the  reservoirs  so  that  the  water  condensing  from 
the  air,  always  more  or  less  charged  with  moisture,  may  be  pre- 
vented from  getting  into  the  operating  valves,  triple  valves  or 
governor  or  obstructing  the  pipe  lines  by  freezing  in  cold  weather. 
A  safety  valve  should  invariably  be  provided  for  the  main  reser- 
voir, and  cut  out  cocks  should  be  placed  in  the  proper  pipe  lines 
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so  that  the  governor  can  be  removed  if  necessary  without  the  loss 
of  air  and  so  that  defective  tri])lcs  can  be  cut  (Uit  in  case  of  emer- 
gency.    Snap  switches  should  be  provided  tor  each  cab. 

The  data  needed  in  order  to  draw  up  specifications  for  an 
automatic  air  brake  e<|uipment  is  somewhat  more  extensive  than 
that  required   for  a  straight  air  brake.     The  service  conditions  re- 
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quiring  automatic  brakes  vary  much  more  widely  and  the  equip- 
ment best  suited  for  a  given  service  depends  on  a  number  of 
variable  factors  ^^■hich  are  not  present  under  the  conditions  where 
straight  air  is  to  be  employed.  In  the  first  place,  whether  a  motor 
car  or  trailer  car  is  under  consideration,  the  size  of  brake  cylinder 
should  be  decided.  As  with  the  straight  air  brake  this  depends  on 
the  weight  of  the  car  empty  but  including  trucks  and  motor,  i.  e., 
its  weight  on  the  rail  without  live  load.  The  type  of  auxiliary 
reservoir,  depending  on  the  space  available  under  the  car  should 
next  be  determined.  If  a  motor  car  is  under  consideration  the  size 
of  compressor  and  of  main  reservoir  are  the  next  consideration. 
The  maximum  number  of  air  equipped  trailers  and  the  average 
size  of  their  brake  cylinders,  together  with  the  size  of  brake  cylin- 
der on  the  motor  car  and  the  air  required  for  air  operated  auxil- 
iaries must  all  be  considered  in  deciding  on  the  size  of  main  reser- 
voir. The  space  available  determines  whether  the  main  reservoir 
capacity  should  be  provided  by  one  tank  or  more,  the  former  ar- 
rangement being  preferable  on  account  of  greater  simplicity  and 
lower  first  cost.  The  size  of  compressor  is  governed  by  the  same 
factors  that  determine  the  size  of  main  reservoirs.  It  is  also 
necessary  to  know,  in  the  case  of  a  m.otor  car,  whether  it  is  to  be 
operated  from  one  controller  only  or  from  either  one  of  two,  in 
the  language  of  the  trade  whether  it  is  to  be  a  single-ciid  or 
double-end  equipment.  When  multiple  unit  control  is  used,  the 
main  reservoirs  are  usually  connected  in  multiple  by  a  pipe  line 
through  the  train,  equipped  with  hose  and  couplings  between  the 
cars,  and  the  pump  governors  are  connected  into  the  system  in  such 
a  way  that  the  compressors  will  all  cut  in  simultaneously.  If  the  cars 
are  to  be  equipped  with  swing  draw  bars,  flexible  joints  or  hose  will 
have  to  be  provided  in  addition  to  the  regular  trailer  hose  con- 
nections. 

The  introduction  of  multiple  unit  systems  of  control  and  con- 
sequent increase  in  the  number  of  electric  railways  operating  trains 
has  opened  up  a  wide  field  for  the  automatic  air  brake.  It 
is  probable  that  the  straight  air  brake  will  continue  to  be  used 
for  a  time  on  cars  that  always  operate  singly,  but  modern  managers 
will  hardly  consider  it  for  train  service,  on  cars  that  are  likely  to  be 
coupled  into  pairs  or  trains. 


POLYPHASE  INDUCTION  REGULATORS 


By  G.  H.  GARCELON 

IN  THE  application  of  alternating  currents  it  is  often  necessary 
to  regulate  the  voltage  of  parts  of  the  transmission  circuit. 
This  regulation  obviously  must  be  accomplished  by  some 
means  entirely  removed  from  the  generator.  The  induction  regula- 
tor is  designed  for  sucli  a  purpose. 


1000    K\V.    SIX-PHASE  ROTARY    CONVERTER  AND   INDUCTION    REGULATOR, 
IN    USE    BY    THE    NEW    YORK    EDISON     COMPANY 

The  most  familiar  manner  of  attaining  this  remote  regula- 
tion, as  it  may  be  termed,  is  by  the  use  of  a  transformer  with 
its  primary,  connected  across  the  line  and  its  secondary,  having 
a  number  of  taps,  in  series  with  the  line.  A  device  is  employed  by 
which  more  or  less  of  the  secondary  turns  may  be  cut  in,  to  vary 
the  voltage  supplied  to  the  load.  Here  complications  necessarily 
arise  because  the  circuit  must  not  be  broken  when  changing  from 
one  tap  to  another  and  the  coils  between  two  adjacent  taps  must  not 
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be  shorl-circuiled  in  llic  process.  Here  also  the  re.^'ulation  is  not 
continuous  but  in  steps  of  a  niai^nitude  wliieli  is  dependent  upon 
the  number  of  ta])s  from  the  secondary.  Tlierefore  for  fine  regula- 
tion by  this  nielhod  a  j^reat  numlier  of  taps  from  the  secondary 
is  necessary. 

An   induction   regulator  is   essentially   a   transformer   in    which 
the  relative  position  of  the  primary  and  secondary  may  be  varied.. 


FIG.      1 A     SIX-PH.ASF.     I  N-DUCTIO.X     REGUL.\TOK     WIIUll      IN      CKSl-MAL     AI'l'lCAKANCE     IS 

SIMILAR    TO    THE    THXEE-PHASU    TYPE. 

Like  the  regulating-  transform.er,  it  is  connected  with  the  primary 
across  the  line  and  the  secondary  in  series  with  the  line.  The  regu- 
lation of  the  voltage  supplied  to  the  load  is  effected  bv  moving  the 
primary  core  which  changes  the  relative  position  of  the  primary 
and  .secondary  coils.  This  change  does  not  alter  the  magnitude  of 
the  voltage  induced  in  the  .secondary,  but  does  alter  the  phase  rela- 
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tion  of  primary  and  secondary  voltages,  and  therefore  changes  the 
vakie  of  tlie  ItKid  voltage,  which  is  the  resultant  of  the  i)rimarv  and 
secondar}-  voltages. 

Polyphase  induction  regulators  are  most  commonly  used  for 
the  voltage  control  of  rotary  conveners  carrying  a  lighting  load, 
which  requires  a  fine  though  not  necessarily  an  automatic  regulation. 


FIG-    2 WIXDIXG   DIAGRAM    OF    THE    SECONDARY   OF   A   THREE-PHASE,    FOUR-POLE 

INDUCTION    REGULATOR 

Fig-.  I  shows  a  complete  six-phase  induction  regulator  operated 
by  means  of  a  small  induction  motor  and  w^orm-gear. 

The  primar}-  core  is  built  up  of  laminated  steel  punchings 
carried  on  a  shaft.  The  secondary  core,  also  composed  of  steel 
punchings,  surrounds  the  primary  and  is  held  in  a  casting  wdiich 
serves  as  the  support  of  the  regulator.  Both  cores  are  slotted 
parallel  to  the  axis  of  the  shaft  to  receive  the  coils. 


FIG.    3 WINDING    DIAGRAM    OF    THE    I'RIMAKY    OF    A    T  H  KEE-1' IIASE,    FOUR-POLE 

I  N  DU  CT  ION     REG  \ '  I.ATOR 

The  secondary  is  stationary  and  the  i)rimarv  is  arranged  with 
vertical  hearings  that  it  may  l)e  rotated  a  poriion  of  a  revolution  cor- 
responding to  one  pole.  The  windings  arc  similar  to  those  of  an  in- 
duction motor  having  a  w^ound  secondary  with  the  exception  that  the 
secondary  j)hases  are  not  connected  together,  h'igs.  2  and  3  slmw  tlie 
developc-d   \\in<Hngs  of  a  three-])hase   f()ur-])(ilc  induclidu   regulator. 
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A  vertical  full  line  represents  one  side  of  a  coil  which  lies  in  the 
top  of  a  slot.  The  adjacent  broken  line  represents  one  side  of 
another  coil  which  lies  in  the  bottom  of  the  same  slot.  The  second- 
ary winding  has  a  parallel  connectior  because  the  total  load  current 
passes  through  it.  The  number  of  secondary  turns  in  series  is  de- 
termined by  the  range  of  regulation  desired.  Fig  4  shows  the 
station  wiring  diagram  for  a  three-phase  regulator  and  rotary  con- 
verter. The  upper  triangle  represents  the  three  phases  of  the  pri- 
mary of  the  regulator.  The  heavy  lines  parallel  to  the  sides  of  this 
triangle  represent  the  phases  of  the  regulator  secondary,  i'  5"  5"  rep- 
resent electrically  operated  switches.  The  lower  triangle  shows  the 
three  phases  of  the  rotary  converter. 

The  current  in  the  primary  coils  sets  up  a  rotating  magnetic 

field.     The  load  current  passing  through  the  secondary  coils  also 

L,„.  sets  up  a  rotating  field      The 

primar}-  is  so  connected  that 
these  two  fields  rotate  in  the 
same  direction.  The  voltage 
induced  in  the  secondary  is 
due  to  the  resultant  of  these 
two  fields,  and  its  phase  posi- 
tion with  respect  to  the  line 
voltage  is  determined  by  the 
phase  position  of  this  result- 
ant. The  relative  position  of 
primar}-  and  secondary  coils 
has  no  influence"  on  the  magni- 
tude of  the  resultant  field  and 
therefore  the  numerical  value 
of  the  induced  secondary  volt- 
age is  the  same  at  all  positions 

FIG.    4 STATION    WIRING    DIAGRAM    FOR    A  "  ^ 

THREE-PHASE  INDUCTION  REGULATOR  of  thc  primary.  Movlng  the 
primary  core  does  change  the  phase  position  of  the  resultant  field 
and  therefore  of  the  secondary  voltage.  With  no  current  in  the 
secondary  it  is  easy  to  see  that  the  resultant  magnetic  field  is  a 
constant  because  then  the  secondary  field  is  zero  and  the  primary 
furnisiies  the  only  active  field.  In  this  case  any  change  in  the  rela- 
tive position  of  the  primary  and  secondary  coils  will  obviously  alter 
the  phase  relation  between  the  primary  ^•olta(i■e  and  the  induced 
Secondarv  voltaee. 


Prm..r> 
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Now  consider  the  case  where  there  is  a  current  in  the  second- 
ary. Since  both  fields  rotate  at  the  same  speed  and  in  the  same 
direction  they  may  be  treated  as  two  stationary  fields  when  consid- 
ering their  phase  difference  for  any  given  position  of  the  primary 
coils.  Consider  the  load  current  a  constant  and  therefore  the  sec- 
ondary field  constant.  In  Fig.  5  let  OS  represent  the  field  set  up  by 
the  secondary  current.  The  primary  field,  OP,  is  in  phase  with  OS 
and  their  resultant  is  OR,  the  line  voltage  is  OV ,  the  induced  sec- 
ondary voltage  is  OA,  and  the  resultant  or  load  voltage  is  05.  This 
is  the  position  where  similar  primary  and  secondary  coils  lie  under- 
neath each  other,  and  the  load  voltage  is  a  minimum.  When  the  pri- 
mary is  turned  the  position  of  its  field  is  obviously  changed  relative 

to  the  secondary  field.  OPi 
shows  the  primary  field  after 
the  primary  has  been  turned 
through  an  angle  equal  to 
POPi-  In  this  position  the 
secondary  field  does  not  have 
as  much  effect  on  the  primary 
coils,  and  the  current  in  the 
primary  increases,  thereby  in- 
creasing the  primary  field  and 
keeping  the  resultant  ORi  of 
the  same  magnitude  as  before. 
This  action  is  quite  similar  to 
the  regulation  of  a  shunt  trans- 
former.    The  induced  second- 

FIG.    5 

ary  voltage  will  be  of  the  same 
magnitude  as  before,  but  being  always  90  degrees  behind  the  result- 
ant field  it  will  have  the  phase  relation  to  the  line  voltage  OF  shown 
by  OAi.  In  this  position  OBi  is  the  load  voltage.  When  the  pri- 
mary has  been  turned  180  degrees,  its  field  is  opposite  the  secondary- 
field  as  shown  by  OA-  Here  it  is  more  clearly  seen  that  the  primary 
current  and  field  will  be  increased  in  magnitude  because  the  primary 
field  is  directly  opposed  by  the  secondary.  The  induced  secondary 
voltage  is  here  in  phase  with  the  line  voltage  giving  a  load  voltage 
OB2  which  is  the  maximum.  Thus  it  is  seen  that  a  movement  of  the 
primary  through  180  electrical  degrees  or  one  pole,  changes  the  load 
voltage  from  a  minimum  to  a  maximum.  If  the  secondary  current 
does  not  remain  constant  the  secondary  field  will  change  in  magni- 
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tude.     The  primary  field  will  again  change  to  keep  the  resultant  a 
constant.     Of  course  the  resultant  field  will  vary  slightly  according 


FIG.    6 EFFECT    OX    THE    LOAD    VOLTAGE    OF    THE    VARYING    PHASE    RELATION     BETWEEN 

THE   PRIMARY  AND   THE    SECONDARY 

to  the  percentage  regulation.      However,   induction   regulators   are 
designed  to  give  a  very  close  regulation. 

Fig.  6  shows  the  line  voltage,  secondary  voltage  and  resultant 
voltage  for  different  positions  of  the  regulator.     The  trianagle  ABC 


riG. TEST     READINGS     TAKEN     ON     A     50-K\V       THREE-PHASE     INDUCTION     REGUL.\TOR, 

TO    CHECK    THE    MAXIMUM    AND    THE    MINIMUM    POINTS 
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represents  the  line  voltages.  The  secondary  voltages  are  represented 
by  the  radii  of  the  circles.  With  the  secondary  voltages  in  the  posi- 
tions AA^,  BB^,  and  CC„  the  maximum  \'oltage  is  given  to  the  load 
as  shown  by  the  triangle  A^B.C,.  When  the  primary  has  been 
turned  i8o  electrical  degrees,  the  triangle  A^B^Q  is  the  resultant, 
being  the  minimum.  A^B^^C^  shows  the  resultant  voltage  for  an 
intermediate  position  of  the  primary. 

Hg.  '.y  shows  some  test  readings  which  were  taken  on  a  50-kw 
regulator  to  check  the  maximum  and  minimum  voltage  points. 

The  operation  of  polyphase  regulators  in  parallel,  as  is  done 
with  shunt  transformers,  is  impossible  except  in  such  cases  where 
the  rotating  parts  are  rigidly  coupled.  This  is  obvious  from  the 
fact  that,  if  operated  in  parallel  they  must  have  the  same  phase 
relations  at  all  times,  otherwise  local  currents  will  result. 
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JOHN  SEDGWICK  PECK 


FAREWELL  DINNER  TO  JOHN  SEDGWICK  PECK 

"There  is  a  history  in  all  men's  lives, 
The  while  observ'd,  a  man  may  prophesy 
With  a  near  aim,  of  the  main  chance  of  things 
As  yet  not  come  to  life,   which   in  their   seeds 
And   weak   beginnings   lie   intreasured." 

JOHN  S.  PECK,  one  of  the  oldest  members  of  the  engineer- 
ing staff  of  the  Westinghouse  Electric  and  Manufacturing 
Company,  severed  his  relations  with  the  parent  company 
on  October  9th,  to  assume  the  duties  of  Acting  Chief  Electrical 
Engineer  of  the  British  Westinghouse  Electric  and  Manufactur- 
ing Company,  Limited,  and  sailed  for  England  within  a  fortnight 
after  his  appointment,  where  he  will  take  up  his  residence  near 
Manchester. 

Mr.  Peck,  who  for  the  last  ten  years  has  been  closely  as- 
sociated with  and  in  a  large  measure  responsible  for  the  develop- 
ment of  the  Westinghouse  transformer,  entered  the  company's 
employ  in  1893,  one  year  after  his  graduation  from  Cornell  Uni- 
versity. He  spent  a  few  months  in  what  was  known  as  the 
Student  Course,  after  which  he  was  transferred  to  the  labora- 
tory. At  this  time  the  transformer  of  larger  output  than  a  few 
kilowatts  had  not  outgrown  the  bounds  of  experimentation  and 
all  designs  were  made  in  the  laboratory,  where  most  of  the 
testing  was  also  done.  Mr.  Peck's  work  was  confined  to  this 
class  of  apparatus,  and  when  in  1895  the  electrical  engineering 
department  was  formed,  he  was  intrusted  with  the  design  of 
transformers  and  has  continued  in  this  work  until  the  present 
time. 

To  those  who  enjoyed  an  intimate  acquaintance  with  him, 
the  announcement  of  his  election  to  a  post  of  such  importance 
that  he  is  placed  in  the  first  rank  of  the  electrical  engineering 
profession,  did  not  come  as  a  great  surprise.  The  theme  of 
the  introductory  lines  dominated  the  remarks  of  most  of  the 
speakers  at  a  farewell  dinner  tendered  Mr.  Peck  shortly  before 
his  departure.  The  dinner  was  given  by  his  associates  in  the 
engineering  department,  many  of  whom   took   that  occasion   to 
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express,  with  their  estimate  of  Mr.  i'eek's  decided  promotion, 
the  (juaHty  of  their  regard  for  liim  and  tlie  depth  of  their  regret 
at  his  departure. 

]\Ir.  C.  F.  Scott  stated  that  ,vith  one  exception  no  other 
member  of  the  engineering  force  had  been  so  closely  associated 
with  him  for  so  long  a  time  as  had  Mr.  Peck.  As  Mr.  Peck's 
predecessor  he  felt  there  was  a  common  bond  between  them, 
both  ha\ing  obtained  their  primary  knowledge  of  electrical  ma- 
chinery from  the  transformer  and  both  being  inclined  to  regard, 
in  a  way,  alternators  and  motors  and  even  direct-current  ma- 
chines as  particular  or  elaborate  types  of  transformers.  Com- 
menting on  Mr.  Peck's  advancement  Mr.  Scott  said :  "In  one 
sense  the  transformer  designer  has  less  to  do  with  the  system 
as  a  whole  than  the  designers  of  other  kind  of  apparatus.  The 
transformer  receives  current  at  one  voltage  and  delivers  it  at 
another,  the  problem  of  the  designer  being  efficient  transforma- 
tion. As  a  transformer  engineer  Mr.  Peck  might  have  developed 
along  very  narrow  lines.  Those  who  know  him  have  observed 
that  he  did  not  devote  himself  entirely  to  transformers.  He 
became  familiar  with  the  apparatus  and  the  systems  of  which 
the  transformer  is  a  part.  He  made  a  study  of  the  controlling 
apparatus  and  of  the  auxiliary  regulating  devices  which  accom- 
pany transformers.  He  became  an  expert  upon  the  problems  of 
the  regulation  of  rotary  converters.  He  made  a  study  of  pro- 
tective devices  and  did  important  work  on  the  development  of 
lightning  arresters..  Nor  did  he  confine  hitiiself  solely  to  elec- 
trical matters.  When  the  rest  of  us  were  reading  our  news- 
papers on  the  morning  train,  Mr.  Peck  would  be  found  with 
an  essay  of  Huxley  or  Spencer.  He  was  a  contributor  to  the 
American  Institute,  of  Electrical  Engineers  and  was  secretary 
of  the  local  branch.  He  was  chairman  of  the  lecture  com- 
mittee of  The  Electric  Club.  He  has  in  fact  made  himself  an 
expert  in  his  specific  field  and  at  the  same  time  has  developed 
along  general  engineering  lines.  He  has  devoted  95  percent  of 
his  energies  to  his  own  particular  work,  while  by  the  efficient 
use  of  the  remaining  five  percent  he  has  acquired  the  qualifica- 
tions which  fit  him  for  his  newly  assumed  position.  It  is  note- 
worthy at  the  present  time  that  Mr.  Peck  has  been  called  to  a 
larger  field  of  activity,  not  because  he  is  a  specialist  in  one  par- 
ticular line,  but  because  he  has  general  knowledge  and  sound 
judgment  cDmbined  with  integrity  and  earnest  purpose." 
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During  the  course  of  the  dinner  Mr.  K.  C.  Randall,  in  be- 
half of  the  engineers  of  the  transformer  division,  presented  Mr. 
Peck  with  a  handsome  solid  silver  stirrup  cup.  The  regard  in 
which  JSIr.  Peck  was  held  by  the  members  of  the  transformer 
division  was  alluded  to  in  the  remarks  of  one  of  the  engineers 
who,  in  referring  to  his  sense  of  personal  loss,  said,  'T  may  safely 
say  that  I  do  have  a  feeling  of  sadness.  I  am  not  much  given 
to  hero  worship  and  perhaps  am  sometimes  lacking  in  the  respect 
due  my  seniors,  but  1  assure  you  I  do  experience  an  emotion 
toward  my  superior  and  friend,  Mr.  Peck,  which  is  akin  to  hero 
worship.  His  keenness  of  perception,  the  quality  of  his  sym- 
pathy, his  evenness  of  temper,  and  above  all,  his  never  lacking 
sense  of  justice  and  fairness,  have  endeared  him  to  the  hearts 
of  all  who  have  worked  under  his  guidance." 


A  SLIP  INDICATOR 

By  C.   R.    DOOLEY 

TAKING  speed  is  one  of  the  most  deceptive  of  the  operations 
encountered  on  the  testing"  floor.  Whetlier  the  importance  of 
an  accurate  speed  is  not  appreciated  or  the  human  hand  and 
eye  not  sufficiently  trained,  the  fact  still  remains  that  few  persons 
can  take  speed  accurately  with  the  ordinary  revolution-counter. 

There  are  two  classes  of  so-called  constant  speeds:  one  where 
the  instantaneous  speed  is  practically  constant  and  the  other  where 
the  instantaneous  speed  is  more  or  less  variable.  In  the  first  class, 
say  that  of  a  direct-current  shunt  motor,  the  ordinary  revolution- 
counter  and  watch  method  will  check  even  more  closely  than  one  per- 
cent. The  second  class  is  found  largely  in  alternating-current  ma- 
chinery where  often  not  merely  a  sing'le  average  speed  is  desired  but 
the  relative  speed  between  two  machines.  Under  such  conditions 
the  revolution-counter  and  watch  method  at  best  amounts  to  little 
more  than  a  fair  guess.  It  is  thus  evident  that  a  device  for  more 
accurately  determining  speeds  of  the  second  class  would  greatly 
facilitate  factory  testing. 

A  slip  indicator  is  a  device  for  determining  the  relative  speed 
of  an  induction  motor  to  that  of  its  driving  generator,  or  more  spe- 
cifically, the  mechanical  speed  of  the  motor  to  the  electrical  speed  of 
its  rotating  field.  Many  such  devices  have  been  made  with  different 
degrees  of  success.  The  slip  indicator  described  hero  was  de- 
signed by  Mr.  E.  M.  Tingley  of  the  engineering  department  of  the 
Electric  Company,  though  Prof.  Seibt  of  the  University  of  Char- 
lottenburg  claims  to  have  used  the  same  principle  for  measuring 
shp  in  1900. 

The  induction  motor  presents  perhaps  the  most  difficult  condi- 
tion, as  will  be  more  clearly  seen  from  the  following: 

Take  for  example  a  75-hp.  six  poles,  25-cycles,  induction  motor, 
with  low  resistance  end  rings.  It  will  have  a  slip  at  full  load, 
of  3l4  to  4  percent,  or  about  20  revolutions  per  minute.  In  making  a 
brake  test  the  full-load  reading  will  probably  be  about  the  fifth  read- 
ing taken  which  means  an  average  difference  in  slip  between  sucessive 
readings  of  four  revolutions  or  .8  percent  of  synchronous  speed.   The 
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flexible  electrical  connection  between  motor  and  t^enerator,  tbe  iner- 
tia of  the  rotating  part  of  the  motor,  the  slight  variation  of  the  speed 
of  the  engine  driving  the  generator,  and  the  varying  friction  on  the 
brake — all  contrive  to  make  the  instantaneous  motor  speed  anything 
but  constant,  and  the  average  speed  for  one  minute  of  either  motor 
or  generator  will  easily  vary  two  revolutions  or  .4  percent.  Owing 
to  the  flexibility  of  the  system,  such  variations  are  seldom  in  step  with 
each  other  and  thus  the  maximum  error  may  be  .8  percent  or  four 
revolutions  per  minute,  which  is  100  percent  of  the  slip  between  two 
consecutive  readings.  Unless  the  difference  in  slip  between  consecutive 


readings  during  the  test  is  large  compared  with  the  probable  error 
in  taking  the  average  speed,  a  satisfactory  slip  reading  cannot  be  ob- 
tained with  a  revolution-counter  and  watch.  To  overcome  these 
difficulties  an  apparatus  is  used  on  the  testing  floor  of  the  Electric 
Company  the  construction  and  operation  of  which  will  be  explained 
in  the  following : 

Construction — Fig.  i  represents  the  mounted  cylinder  of  a  slip 
indicator  for  a  four-pole  motor.  Two  such  pieces  as  shown  in  Fig.  2 
are  made  of  brass  and  mounted  rigidly  on  a  shaft  with  suitable  hard 
rubber  insulation,  the  complete  cylinder  being  about  two  inches  long 
and  9-16  inches  in  diameter.  The  shaft  is  supported  in  a  rectangular 
frame  such  that  one  end  extends  to  engage  in  the  center  of  the  motor 
shaft.     Four  small  brass  brushes  about  .1  inch  in  diameter  rest  ra- 

daily    on     the    cylinder   at    AA,    and    BB,.  -. 

The   whole    is    incased     with    hartl    rubber  \   \ 

which    ser\'es    to    support   the    brushes  and  I 

also  to  protect  the  cylinder  from  mechanical         V7 


mjury.  ''"^-  ^ 

Connections — Fig.  3  shows  a  development  of  the  cylinder, 
which  with  Fig.  4  readily  explains  the  method  of  connection.  Either 
AA^  or  BB^  of  the  slip  indicator  is  connected  across  any  one  phase 
of  the  line  through  a  resistance  R.  The  two  remaining  terminals 
are  connected  to  a  low-reading  direct-current  ammeter.  The  cyl- 
inder of  the  slip  indicator  is  made  to  revolve  by  holding  its  shaft 
firmly  in  the  end  of  the  motor  shaft. 

The  resistance  is  made  necessarv  bv  the  fact  that  the  line  is 
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short-circuited  at  every  reversal  of  the  cylinder.  The  current  in  the 
indicator  circuit  must  then  be  very  small  to  reduce  the  sparking  at 
the  cylinder  to  an  insignificant  amount. 

Operation — From  Figs.  3  and  4  it  is  evident  that  rotation  of 
the  cylinder,  successively  reverses  the  relative  connection  of    .  /./, 
and  /j/)',.      .Suppose  AA^    connected  to  the  line  and  excited  with  al- 
ternating current  and  />/?,    connected  to  the  ammeter  which  is  re- 
,.,,       N  ceiving  current  at  line  frequency 

'      ^!f^   ^  when  the  cylinder  is  at  rest.     If 

now  the  cylinder  is  rotated  such 
tliat  it  reverses  the  circuit 
through  the  ammeter  every  time 

,     the  current  in  the  line  alternates, 

■^      :  the  ammeter  will  receive  a  con- 

"°-  3  tinuous  current.    The  magnitude 

of  this  continuous  current  will  depend  upon  the  point  on  the  current 
wave  at  which  the  mechanical  reversal  takes  place,  i.  e.,  upon  the 
phase  relation  of  the  line  current  and  the  cylinder.  The  electrical 
action  is  very  similar  to  that  of  the  commutator  on  a  direct-curren.t 
generator. 

If  the  motor  in  Fig.  4  were  replaced  by  an  alternating-current 
generator,  separately  excited  and  running  either  loaded  or  without 
load,  the  slip  indicator  would  de- 
liver direct-current  to  the  ammeter 
depending  in  magnitude  (for  a 
given  value  of  the  resistance)  upon 
the  relative  angular  position  of  the 
cylinder  of  the  slip  indicator  and 
the  revolving  part  of  the  generator. 

Consider  a  two-pole  direct-cur- 
rent generator  having  a  single 
turn  on  its  armature  and  a  two-part 
commutator  as  shown  in  Figs.  5 
and  6.  In  Fig.  5  the  brushes  arc 
located  electrically  to  commutate  in  a  neutral  field.  The  mo- 
ment the  conductors  A  and  B  pass  from  under  one  pole  to 
another,  their  connections  with  .r  and  v  are  reversed.  The 
result  is  a  constant  current  of  value  /,.  In  Fig.  6  the  lirushcs 
are  located  at  points  of  maxinnim  current  strength,  i.  e.,  at 
the  crest  of  the  wave,  and  the  resulting  current  is  zero,  since  half  of 
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each  wave  is  negative  and  half  positive  with  instantaneous  reversing 
at  points  of  maximum  vahie.  Wave  forms  for  intermediate  positions 
of  the  brushes  may  be  easily  plotted.  Instead  of  shifting  the  brush 
holder  the  same  result  may  be  obtained  by  changing  the  angular  re- 
lation of  the  commutator  to  the  rotating  conductors.  Suppose  A 
and  B  to  be  connected  to  the  commutator  by  long  flexible  leads — 
the  commutator  to  be  free  to  turn  on  the  shaft  and  belt  driven  in 
the  same  direction  as  the  armature,  but  from  an  independent  source 
of  power.    If  the  speeds  are  exactly  the  same,  the  condition  of  Figs. 


FIG.    5 

5  on  6  or  some  intermediate  one  will  result.  If  however,  there  is  a 
slight  difference  in  speed  the  current  taken  from  x  and  3?  will  vary 
from  positive  L,  through  zero  to  negative  L,  back  to  zero,  etc.  An 
ammeter  connected  between  x  and  y  will  thus  read  successively, 
positive,  zero,  negative,  zero  and  positive,  which  will  represent  one 
complete  turn  of  the  commutator  with  respect  to  the  armature.  This 
is  precisely  the  operation  of  the  slip  indicator.  Referring  to  Fig".  4.  a 
local  circuit  is  tapped  from  the  main  line  which  is,  say  a  circuit  of 
25  cycles.     If  the  commutating  cylinder  in  the   indicator  has  two 


FIG.    6 

parts,  it  will  need  to  nui  at  1500  r.p.m.  in  order  to  obtain  the  same 
condition  represented  in  Figs.  5  and  6,  i.  e.,  to  reverse  the  ammeter 
circuit  in  synchronism  with  the  line  alternations.  If  it  has  four 
parts  it  will  need  to  run  at  750  r.jxm.  and  with  six  parts  at  500 
r.p.m.,  etc.  If  the  indicator  has  as  many  parts  to  its  cylinder  as  the 
motor  has  poles  its  synchronous  speed  will  be  the  same  as  the  syn- 
chronous speed  of  the  motor,  i.  e.,  in  Fig.  4  if  the  motor  has  six 
poles  and  the  cylinder  of  the  indicator  has  six  parts  and  if  the  motor 
is  running  in  exact  synchronism,  (no  load  conditions)  the  local  cir- 
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cuit  throuo;h  the  ammeter  will  be  commiitated  or  reversed  in  exact 
synchronism  witli  the  alternations  in  the  line  and  the  commutator 
will  receive  a  constant  current  of  a  value  represented  in  Figs.  5  or 
6  or  there  between.  As  a  load  is  put  upon  the  motor  its  speed  drops, 
the  indicator  runs  slow,  the  mechanical  reversals  at  the  cylinder  no 
longer  keep  pace  with  the  electrical  frequency  of  the  current  supply, 
the  electrical  position  of  its  brushes  is  constantly  shifting  from  the 
crest  of  the  wave  to  zero  and  to  crest  again.  Thus  in  the  time  the 
ammeter  changes  from  positive  L  to  negative  L  the  indicator  has 
slipped  one  alternation  of  the  line  circuit.  Counting  the  vibrations 
per  minute  of  the  ammeter  needle  gives  the  slip  in  alternations  of  the 
perophral  travel  of  the  commutating  cylinder  with  reference  to  the 
line  alterations.  This,  divided  by  the  number  of  parts  on  the  com- 
mutator, gives  the  corresponding  slip  in  revolutions  per  minute  of 
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the  commutator,  which  is  the  slip  of  the  motor,  since  the  indicator  is 
held  firmly  in  the  motor  shaft.  In  the  meantime  the  average  gener- 
ator speed  is  taken  with  a  revolution-counter  and  watch  to  determine 
the  average  frequency  of  the  line,  and  consequently  the  synchronous 
speed  of  the  motor.  The  motor  synchronous  speed,  minus  the  slip 
in  revolutions  per  minute,  gives  the  motor  speed. 

Recording  Device. — It  is  necessary  that  the  observer  have  his 
eyes  on  the  ammeter  needle  and  the  second  hand  of  a  watch  at  the 
same  time,  which  is  a  little  inconvenient.  Several  schemes  have  been 
proposed  whereby  the  ammeter  is  replaced  by  a  magnetically  op- 
erated ratchet  with  suitable  dial  and  pointer.  The  current  in  the 
slip  indicator  circuit  is  very  small  and  such  a  recording  device  there- 
fore would  have  to  be  operated  through  a  relay  circuit,  and  even 
then  its  reliability  would  be  doubtful. 
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While  the  sh'p  incHcator  circuit  transmits  very  Httle  power,  it 
may  be  made  to  operate  a  polarized  bell,  such  as  used  on  an  ordinary 
magneto.  The  strokes  can  be  counted  while  the  observer's  eye  is  on 
the  watch.  The  range  of  counting  will  be  doubled  by  counting  com- 
plete vibrations.  In  case  a  bell  is  used,  remove  one  gong,  and  then 
the  count  will  be  divided  by  one-half  the  number  of  poles  on  the 
motor.  The  average  person  will  have  some  difficulty  at  first  in 
counting  more  than  150  per  minute,  but  a  little  practice  in  counting 
by  tens  or  counting  every  second  or  every  third  swing  of  the  am- 
meter needle  will  raise  the  average  maximum  count  to  at  least  600 
alternations,  which  in  the  case  of  a  four-pole  60-cycle  motor  repre- 
sents a  slip  of  150  revolutions  per  minute  or  nearly  8]/^  percent.  It 
is,  however,  possible  to  determine  a  slip  of   10  percent,  which   is 
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seldom  met  with  in  modern  practice.  Large  slips  may  be  quite 
closely  checked  by  revolution-counter  and  watch. 

Accuracy. — Within  a  reasonable  variation  of  frequency  the  per 
cent  slip  will  be  constant,  consequently  the  slip  variation  at  any  given 
time  will  be  proportional  to  the  variation  in  the  line  frequency.  The 
same  per  cent  of  error,  then,  attending  the  determination  of  the  line 
frequency  (generator  speed)  will  approximately  apply  to  the  corre- 
sponding slip. 

With  the  revolution-counter  and  watch  method  the  error  ap- 
plies to  the  motor  speed  which  is  subtracted  from  the  synchronous 
speed,  and  the  error  of  this  result  may  be  very  large,  as  previously 
explained.  With  the  slip  indicator  method  the  error  applies  immedi- 
ately to  the  per  cent  slip. 

Referring  to  the  previous  example  of  a  six-pole,  25-cycle,  induc- 
tion motor,  the  slip  at  the  first  reading  on  the  power  curve  will  be 
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four  revolutions,  that  is  4X6  =  24  swings  of  the  ammeter.  An 
error  of  .8  percent  will  mean  but  .19  of  a  swing  which  is  at  once 
negligible. 

The  one  objection  to  this  slip  indicator  is  its  adaptability  to 
motors  of  but  one  given  number  of  poles,  necessitating  a  separate 
and  complete  device  for  each  style  of  motor  according  to  its  number 
of  poles.  The  apparatus  is,  however,  of  simple  and  inexpensive 
construction.  There  are  no  delicate  adjustments  and  the  wear  from 
every  day  use  during  the  two  years  they  have  been  employed  in  the 
testing  department  of  the  Electric  Company  has  been  practically 
nothing. 


THE  POLYPHASE  INDUCTION  MOTOR 

PART  III 

By  B.  G.   LAMME 

Speed  Variation  with  Polyphase  Motors. 

THERE  are  six  methods  of  varying  the  speed  of  polyphase 
motors,  but  some  of  them  are  apph'cable  only  in  special  cases. 
These  methods  are : 

(i) — V^arying  the  number  of  poles. 

(2) — Varying  the  alternations  applied. 

(3) — Motors  in  tandem,  or  series-parallel. 

(4) — Secondary  run  as  single-phase. 

(5) — \"arying  the  resistance  of  the  secondary. 

(6) — Varying   the   electromotive    force    of   the    primary,    with 
constant  secondary  resistance. 

Some  of  these  methods  are  efficient,  while  some  are  very  in- 
efficient if  the  speed  is  to  be  varied  over  a  wide  range. 

Varying  the  Niimher  of  Poles — The  first  method,  varying  the 
number  of  poles,  is  efficient  to  a  certain  extent,  but  is  limited  in  the 
number  of  combinations  of  poles  obtainable.  But  if  combined  v/ith 
some  of  the  other  methods,  it  may  be  made  fairlv  effective  over  a 
wide  range.  It  consists  in  varying  the  arrangement  of  the  primary 
coils  in  such  a  way  that  the  number  of  resulting  poles  is  varied. 
This  may  be  accomplished  by  having  two  or  more  separate  wind- 
ings on  the  primary ;  or  one  winding  may  be  used,  it  being  rear- 
ranged for  different  speeds.  A  secondary  of  the  cage  tvpe  is  tlie 
only  practical  one.  With  a  grouped  or  polar  winding  on  the 
secondary,  this  would  need  rearranging  for  the  different  speeds, 
just  as  in  the  case  of  the  primary.  But  the  cage  winding,  being 
short-circuited  on  itself  at  all  points,  is  adapted  to  any  number  of 
poles.  In  general,  this  method  of  regulation  will  allow  for  only 
two  speeds  without  great  complications,  and  the  ratio  of  the  two 
speeds  is  preferably  two  to  one,  although  three  to  one  may  be 
obtained.  The  simplest  arrangement  of  winding  consists  of  two 
separate  primary  windings ;  one  for  one  number  of  poles,  and  the 
second    for   the   other.      In    combination    with    a    variable    primary 


598 


THE  ELECTRIC  CLUB  JOURNAL 


electromotive  force,  the  speed  torcjue  curves  being  of  such  shape 
that  this  method  may  be  used,  the  variable-pole  method  of  regula- 
tion may  be  made  fairly  efficient  over  a  wide  range  of  speed.  But 
the  two  windings  considerabh'  iiicrerse  the  size  of  the  motor,  while 
the  one-winding  arrangements  are  rather  complicated.  Conse- 
quently, we  may  consider  that  this  method  of  speed  variation  will 
be  used  only  in  special  cases. 

Varying  the  Number  of  Alternations — The  second  method,  vari- 
able alternations,  is  theoretically  the  ideal  method  ;  but  it  is  prac- 
tically limited  to  a  few  special  applications,  for  we  have  as  yet  no 
commercial  alternation  transformer. 


FIG.      l8 PERFORMANCE     CURVES     OF     POLYPHASE     MOTOR     WITH     DIFFERENT     ALTERNA- 
TIONS   AND    ELECTRO-MOTIVE    FORCES 

In  a  few  cases,  where  but  one  motor  is  operated,  the  gener- 
ator speed  may  be  varied.  If  the  generator  is  driven  \>\  a  wat<-:r- 
wheel,  its  speed  may  be  varied  over  a  wide  range,  and  the  motor 
speed  will  also  vary.  If  the  generator  field  be  held  at  practically 
constant  strength,  then  the  motor  speed  may  be  varied  from  zero 
to  a  maximum  at  constant  torque  with  a  practically  constant  cur- 
rent. This  is  a  convenient  method  of  operating  a  motor  at  a  dis- 
tance from  the  generator.  The  speed  of  the  mtor  may  be  com- 
pletely controlled  by  an  attendant  at  the  generating  station. 

Fig.  1 8  shows  the  speed-torque  and  other  curves  of  a 
motor  when  operated  at  60,  30,  15  and  6  cycles  per  second, 
or    at    one    hundred,    fifty,    twenty-five    and    ten    percent    of    the 
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normal  alternations.  The  speed-torque  curves  corresponding  to 
the  above  alternations  are  a,  h,  c  and  d.  The  current  curves  are  A, 
B,  C  and  D.  This  figure  shows  that  for  the  rated  torque  T,  the 
current  is  practically  constant  for  all  speeds,  but  the  electromotive 
force  varies  with  the  alternations.  Consequently,  tlie  apparent  power 
supplied,  represented  by  the  product  of  the  current  by  electromotive 
force,  varies  with  the  speed  of  the  motor,  and  is  practically  propor- 
tionate to  the  power  developed. 

Motors  in  Tandem  or  Series-Parallel — The  third  method  is  to 
run  motors  in  tandem  or  series-parallel.  In  this  arrangement,  the 
secondary  of  one  motor  is  wound  with  a  grouped  or  polar  wind- 
ing to  give  approximately  the  same  electromotive  force  and  number 
of  phases  as  the  primary.  This  secondary  is  connected  to  the  pri- 
mary of  a  second  motor.  The  secondary  of  the  second  motor  may 
be  closed  on  itself,  with  or  without  a  resistance,  or  mav  be  connected 
to  the  primary  of  a  third  motor,  etc.  The  arrangement  with  two 
motors  is  shown  in  Fig.   19.     At  start,  motor  No.   i   receives  the 
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DIAGRAMMATIC    ARRANGEMENT    OF    TWO    POLYPHASE    MOTORS    CONNECTED    IN 
TANDEM    OR   SERIES   PARALLEL 


full  number  of  alternations  on  its  primary,  and  its  secondary  de- 
livers the  same  number  to  the  primary  of  motor-  No.  2.  Both 
motors  will  start.  As  motor  No.  i  speeds  up,  its  secondary  alter- 
nations fall.  At  about  one-half  speed,  its  secondary  alternations 
are  about  one-half  its  primary,  and  motor  No.  2  receives  one-half 
the  alternations  of  motor  No.  1  ;  it  also  tends  to  run  at  half  speed. 
Therefore,  if  both  motors  are  coupled  to  the  same  load,  this  half 
speed  is  a  position  where  the  two  motors  tend  to  operate  together. 
By  connecting  both  primaries  across  the  line,  both  motors  will  be 
run  at  full  speed.  Thus,  with  two  motors,  two  working  speeds  may 
be  obtained.  This  method  always  requires  at  least  two  motors. 
Its  application  is  limited  to  a  few  special  cases. 

Secondary    With   Only   a   Single    Circuit    Closed— The   fourth 
method — the  secondary  run  with  a  single  circuit  closed— will  give 
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a  half  speed,  and  with  Iwo  or  more  circuits  closed,  will  i::ive  full 
speed.  But  the  power-factor  at  the  half  speed  is  very  low,  and  the 
efficiency  is  not  nearly  so  good  as  when  run  at  full  speed.  This 
may  have  a  few  special  applicatioub.  Fig.  20  .shows  this  arrange^ 
ment. 
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FIG.    20 POLYPHASE    MOTOR    WITH    ONLY   ONE   SECONDARY    CIRCUIT    CLOSED 

Varying  the  Resistance  of  the  Secondary — The  fifth  arrange- 
ment is  by  varying  the  resistance  in  the  secondary.  This  method 
was  considered  before  when  the  speed-torque  characteristics  were 
shown.  This  will  not  give  constant  speed  except  with  constant 
load,  as  the  speed-torcjue  curve  with  a  relativelv  larc^e  resistance 
is  a  falling  curve.  At  heavy  torques  the  motor  will  run  at  very 
low  speeds,  while  with  light  loads  it  will  run  at  almost  full  speed. 
The  speed  regulation  will  be  similar  to  that  of  a  direct-current 
shunt  motor,  with  a  resistance  in  circuit  with  the  armature.  To 
hold  constant  speed  with  variable  load,  this  resistance  requires 
continual  adjustment. 

Varying  Primary  Voltage — The  sixth  method — that  in  which 
the  primary  electromotive  force  is  varied  while  the  secondary  re- 
sistance is  held  constant^gives  the  same  results  as  the  fifth  method, 
as  the  speed-torque  curves  are  similar.  To  hold  a  constant  low 
speed,  the  electromotive  force  must  be  varied  continually  if  the 
load  is  changing.  Like  the  fifth  method,  it  is  not  efficient  at  low 
speeds,  as  the  reduction  in  speed  is  obtained  by  means  of  a  corre- 
sponding loss  of  energy  in  the  secondary  circuits. 

For  crane  work,  hoisting,  etc.,  where  it  is  necessary  to  run  at 
reduced  speed  for  but  a  portion  of  the  time,  either  of  the  methods 
five  or  six  is  satisfactor\-,  but  method  five  requires  the  use  of  a 
variable  secondary  resistance,  and  there  must  be  a  set  of  secondary 
leads  carried  out  to  a  rheostat  if  the  speed  changes  are  to  be  grad- 
ual. This  introduces  complication,  especially  on  a  crane  where  sev- 
eral motors  are  to  be  controlled.     ]n  this  case,  there  must  be  trolley 
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wires  for  both  the  primary  and  the  secondary  circuits  of  each  motor. 
But  by  method  six  the  control  is  effected  in  the  primary  circuit, 
and  only  primary  trolley  wires  are  needed,  and  these  may  be  con- 
trolled from  one  pair  of  transformers,  as  explained  before.  The 
sixth  _^  method  is  therefore  the  simplest  and  most  practical  one  to 
use  for  hoisting,  etc.,  and  will  be  found  to  present  many  advantages 
for  all  classes  of  work,  whether  speed  regulation  is  important  or  not. 

Methods  of  Varying  Primary  Electromotive  Force. 

There  are  several  methods  of  varying  the  electromotive  force 
applied  for  starting  and  varying  the  speed  on  the  Type  C  motor. 
These  may  be  classified  under  three  headings : 

(i) — Varying  the  electromotive  force  from  the  generator. 

(2) — Varying  the  electromotive  force  by  transformers. 

(3) — Varying  the  motor  connections. 

Varying  Electromotive  Force  from  the  Generator — A  variable 
electromotive  force  may  be  obtained  from  the  generator  in  several 
ways.  The  generator  may  be  run  at  low  speed,  with  the  field 
charged.  This  gives  lower  electromotive  force  and  lower  alterna- 
tions at  the  same  time.  This  is  adapted  only  to  places  where  all 
the  motors  are  to  be  started  at  once. 


RUNNING  WITH 
FULL  VOLTAGE 

FIG.    21 CONNECTIONS    FOR    POLYPIIASIC    MOTORS    STARTING    ON    SIDIC    CIRCUITS 

The  generator  may  be  run  at  normal  speed  and  its  field  charge 
lowered.  This  gives  the  normal  alternations  with  lower  electro- 
motive force.  This  is  practicable  only  where  all  the  motor?  are  to 
be  started  at  once. 
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A  third  method  is  to  so  arranq-e  the  generator  winding's  that 
two  or  more  electromotive  forces  for  each  phase  may  be  obtained. 
A  lower  electromotive  force  may  be  used  at  start,  and  a  higher 
for  running. 

The  dififerent  arrangements  of  the  generator  windings  for  this 
purpose  are  as  follows : 

If  the  armature  has  but  one  winding  closed  on  itself,  like  a. 
direct  current  machine,  two  or  three  phases  may  be  taken  off.  For 
two-phases  four  leads  are  used.  Fig.  21  illustrates  this.  Between 
1-3  and  2-4  is  the  maximum  electromotive  force,  and  between  1-2, 
2-3,  3-4  and  4-1  there  is  0.7  the  electromotive  force  of  1-3.  The 
electromotive  force  1-2  is  at  quarter  phase  to  that  of  4-1  and  2-3, 
and  the  electromotive  force  3-4  is  at  quarter  phase  to  that  of  2-3 
and  4-1.  Therefore,  across  any  two  adjacent  side  circuits  we 
have  quarter-phase  circuits  of  0.7  the  electromotive  force  of  the 
main  circuit.  A  motor  thus  may  be  started  on  any  adjacent  side 
circuit  and  then  switched  to  the  main  circuit.  This  method  is 
well  adapted  for  local  plants,  where  the  generator  electromotive 
force  is  200  or  400  volts.  If  there  are  many  motors  to  be  started, 
and  the  starts  are  numerous,  it  is  advisable  to  wire  the  starting 
switches   so  that  the  various  motors  are  started  on  different  side 

circuits. 

If  the  generator  winding  is  of 
the  "open  coil"  type,  a  similar  ar- 
rangement may  be  obtained  for  two 
phases.  The  two  windings  may  be 
connected  to  the  middle  point,  thus 

FIG.    22 WINDINGS    OF   OPEN-COIL   TYPE,  „:,,;,-,„     ^-   1^         "  "i  r  1        . 

TWO-PHASE  GENERATOR  CONNECTED  AT  ^'^"'^     '^^^     ^^''^"'^S     of     O.7     clCCtrO- 

THE    MIDDLE    POINT    TO   ALLOW    START-  mOtlvC      forCe.  Tllis      is      SllOWU      lu 

ING    OF    MOTORS    FROM    SIDE   CIRCUIRS.  YW      02 

Three-phase  connections  do  not  allow  any  convenient  combin- 
ations with  the  generator  winding.  A  fourth  wire  may  be  run,  how- 
ever, which  will  give  about  0.58  electromotive  force  for  starting. 

Variable  Electromotive  Force  from  Transformers— The  method 
of  varying  the  electromotive  force  by  means  of  transformers,  ad- 
mits of  many  different  combinations.  Several  of  the  simpler  forms 
will  be  given. 

( I )  The  transformers  may  be  so  connected  that  two  or  more 
electromotive  forces  may  be  obtained. 
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For  two-phase  circuits  the  secondaries  may  be  connected  to- 
o-ether  at  the  center,  as  shown  in  Fig.  23.  This  gives  two  main 
circuits,  and  four  side  circuits  of  lower  electromotive  force.     If  an 


l-TG.    23 CONNECTIONS    OF   TRANSFORMERS    ON    TWO-PHASE    CIRCU'TS    TO   GIVE    .7    AND    .5 

NORMAL    VOLTAGE    FOR    STARTING 

extra  wire  be  carried  out  from  the  point  5,  then  1-5,  2-5.  will  form  a 
two-phase  combination  for  0.5  voltage,  while  1-2,  2-3  form  a  two- 
phase  combination  for  0.7  voltage,  and  1-3  and  2-4  give  full  voltage. 
Another  method  is  to  connect  the  secondaries  at  one  side  of  the 
center,  as  showai  in  Fig.  24.  Then  3-5  and  4-5  give  one  electro- 
motive force;  1-5  and  2-5  give  a  higher  electromotive  force,  and  1-3 
and  2-4  give  full  electromotive  force. 

These  combinations  are  useful  in  certain  cases,  but  are  not  as 
general  in  their  application  as  the  following  method. 

(2)     Auto-transformers    with    loops    brought    out    for    lower 
electromotive  forces. 

In  this  method,  no  special  combinations  of  the  lines,  lowering 
transformers  or  generators  are  made,  but,  in  connection  with  each 
1      motor,   a   small   pair  of   auto,   or  one-coil   trans- 
formers is  used  for  starting.     If  speed  regulation 
is  also  desired,  as  for  cranes,  the  auto-transform- 
ers   are    made    larger.      From    these    auto-trans- 
formers several  loops  or  connections  are  brought 
out.     For  regulating  the  speed  these  are  connect- 
ed to  the  contact  plates  or  dials  of  a  controller. 
FIG.  24— SECONDARIES  ^g  ghowu  lu  Flgs.  2$  aud  26.     But  for  starting 

INTER-CONNECTED  ,         '       t  i        .  1  r  1 

purposes  only,  when  but  one  loop  trom  eacn 
transformer  is  used,  a  pair  of  switches  are  used  in  connection  with 
the  transformers.  With  the  switches  open,  the  motor  is  discon- 
nected. Throwing  one  direction  starts  the  motor  at  reduced  voltage 
and  brings  it  up  to  almost  full  speed.  The  switches  are  then  thrown 
over  to  full  electromotive  force. 
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Two  small  transformers  in  a  case  witji  one  four-jaw,  throw- 
over  switch,  form  what  is  called  an  auto-starter.  This  is  readily 
arranged  for  either  two  or  three-phase  circuits  and  motors.  This 
makes  a  most  llcxiblc  arrangement  ^ov  starting",  as  the  motor  may 
be  put  at  any  location,  and  the  auto-starter  may  be  put  in  the  most 
convenient    position.      It   also   loads   all   the   line   wires    equally   at 

1 


4: 4 


m  w. 


FIG.    25  —  DI.^GRAMMATIC    ARRANGEMENT    OF    AUTO-TRANSFORMERS    AND    CONTROLLER    FOR 
REGULATING    SPEED    OF    TWO-PHASE    MOTOR    BY   VARYING   THE   VOLTAGE 

startiui^  and  each  motor  with  its  starter  really  forms  a  unit  sep- 
arate from  all  the  others.  One  pair  of  transformers  may  be  con- 
nected to  several  sets  of  switches,  and  thus  be  used  for  startintr 
several   motors. 

Where  motors  are  close  to  reducing-  transformers,  the  second- 
aries of  the  transformers  may  have  loops  brought  out,  to  which  one 
or  more  switches  are  conriected.  The  primaries  of  the  transformers 
may  have  loops  connected  to  proper  switches,  and  the  number  of 
primary  turns  in  the  circuit  may  be  varied  instead  of  the  secondary. 
This  is  applicatble  when  the  transformers  supply  only  one  motor, 
or  when  several  motors  are  started  at  tlie  same  time.  K  regulator 
with  secondary  movable  with  respect  to  the  primary  may  be  used. 
Regulators  of  this  type  vary  the  electromotive  forces  without  any 
make  or  break  devices,  and  consequently  have  no  sparking  ten- 
dency. But  they  are  in  general  too  complicated  and  costly  to  com- 
pete with  the  transformer  with  loops. 

Varying  the  Motor  Connections — This  is  not  a  method  for 
changing  the  electromotive  force  applied ;  but  for  varying  the  num- 
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ber  of  turns  in  series  with  a.  given  electromotive  force,  and  the 
effect  is  the  same  as  varying  the  applied  electromotive  force.  This 
method  is  rather  limited  in  its  application  owing  to  the  complication 
involved.  The  simplest  case  for  two-phase  motors  is  a  series- 
parallel  combination  of  the  wind- 
ings of  each  phase.  This  is  equiv- 
alent to  using  0.5  electromotive 
force  at  start.  For  three-phase 
motors,  series-parallel  may  be 
used,  or  the  winding  may  be 
thrown  from  the  star  system  of 
connection  at  start  to  the  delta 
system  for  running.  This  is 
equivalent  to  using  about  0.6 
force     for     start. 

FOR    REGULATING    SPEED    OF    THREE-PHASE      g^,|.^   ^^g   ^j^g  g^^^j.  cOUnCCtiOn   is   prC- 
MOTOR    BY    VARYING    THE    VOLTAGE 

ferred  for  the  running  condition, 
this  combination  is  not  advisable. 

Choke  Coils  or  Resistance  in  the  Primary — There  is  a  fourth 
method  of  regulation  which  may  be  mentioned,  but  which  is  not 
advisable  in  general  practice.  This  is  the  use  of  choke  coils  or  re- 
sistance in  the  primary  circuits  of  the  motor,  to  reduce  the  elec- 
tromotive force.  These  really  give  varying  electromotive  forces. 
With  choke  coils,  the  power  factor  at  start  is  lowered,  with  corre- 
spondingly bad  effect  on  the  generator  and  system.  With  ohmic 
resistance  in  the  primary  circuit,  the  reduction  of  electromotive 
force  is  accompanied  by  a  consumption  of  energy  in  the  primary 
circuit  which  in  no  way  represents  torque. 


FIG.     26 DL\GRAMMATIC     ARRANGEMENT     OF 

AUTO-TRANSFORMERS       AND       CONTROLLER     ClCCtrOmOtlVe 


APPLICATIONS   OF  ALTERNATING-CURRENT 
DIAGRAMS 

Vll— INDUCTION  MOTORS 

By  V.   KARAPETOFF 
A  Series  of  Lectures  delis  ered  before  The  ELECTRIC  Clue 

[The  installment,  embodying  a  general  description  of  the  induction  motor  and  its  operating  char- 
acteristics, has  been  omitted,  since  this  subject  is  fully  treated  in  a  series  of  articles  on  The 
Polyphase  Induction  Motor  concluded  in  this  issue  of  the  JOURNAL. — Ed.] 

MAGNETIC   FLUXES  IN    AN   INDUCTION    MOTOR 

THE  induction  motor,  like  the  direct-current  series  motor,  has 
but  one  definite  set  of  characteristics.  If  a  certain  torque  is 
applied,  the  motor  assumes  a  definite  speed  and  requires  a 
definite  amount  of  current  and  energy.  This  is  not  the  case  with 
a  shunt  motor,  which  has  the  additional  variable  of  field  current,  so 
that  such  a  motor  may  have  different  speeds  for  a  given  torque. 
Therefore,  for  the  induction  motor,  like  the  series  motor,  there  exists 
but  one  set  of  curves  giving  speed,  power-factor,  efiiciency,  in-put 
and  out-put.  etc.,  in  functions  of  the  torque.  It  is  thus  possible  to 
construct  a  performance  diagram  of  an  induction  motor  with  a 
locus  for  each  of  its  electrical  and  mechanical  characteristics,  such 
that  to  a  definite  point  on  one  of  the  loci  correspond  definite  points 
on  all  the  others :  for  instance,  to  each  value  of  primary  current 
corresponds  definite  values  of  torque,  power-factor,  etc. 

Addition  of  Primary  and  Secondary  Flux — In  the  vector  dia- 
grams following,  quantities  from  the  primary  circuit  and  from  the 
secondary  circuit,  are  to  be  added ;  however,  from  the  very  first 
principles  of  vector  diagrams  onlv  quantities  of  equal  frequencies 
can  be  immediately  added  as  vectors.  The  frequency  of  the  second- 
ary flux  and  current  is  proportional  to  the  slip,  being  zero  at  syn- 
chronism and  attaining  a  maximum  equal  to  the  frequency  of  the 
prim.ary  circuit  when  the  speed  is  zero.  Nevertheless  the  diagram  is 
possible  in  this  case,  since  by  means  of  the  revolving  rotor  the 
.secondary  currents  and  flux  react  upon  the  primary  as  if  they  were 
of  the  same  frequency  as  the  primary  circuit.  Making  this  assump- 
tion the  diagram  can  be  constructed  by  introducing  into  it.  not  the 
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real  secondary  quantities  of  a  variable  frequency,  but  these  quanti- 
ties as  they  appear  in  their  reaction  upon  the  primary. 

The  secondar}'  reacts  upon  the  primary  through  the  revolving 
magnetic  flux  induced  by  the  secondary  current.  This  magnetic 
reaction  is  exactly  the  same  as  if  the  secondary  were  stationary 
and  currents  of  the  primary  frequency  flowed  in  it.  This  will  be 
more  evident  from  the  following:  Consider  a  two-pole  induction 
motor.  Let  the  primary  frequency  be  represented  by  n,  cycles  per 
second,  which  at  the  same  time  is  the  synchronous  speed  of  the 
motor  and  the  speed  of  the  primary  magnetic  flux.  Let  the  speed 
of  the  rotor  at  a  certain  load  be  n^,  then  the  difference  of  the  speeds, 
n, — n2=s,  is  the  slip  of  the  rotor  or  the  frequency  at  which  the 
secondary  conductors  are  cut  by  the  primary  lines  of  force,  s  is 
therefore  the  frequency  of  the  secondary  currents.  These  produce  a 
secondary  flux  which  revolves,  relatively  to  the  rotor,  with  a  speed 
corresponding  to  the  secondary  frequency,  that  is,  the  secondary 
flux  rotates  about  the  rotor,  and  in  the  same  direction  as  the  mechan- 
ical rotation  of  the  rotor,  with  a  relative  r.p.m.  of  s.  But  the  rotor 
itself  has  a  speed  of  n^  r.p.m.,  and  thus  the  absolute  speed  of  the 
secondary  flux  is  n^+s  =  n„  which  is  the  velocity  of  the  primary 
revolving  flux  and  the  frequency  of  the  primary  current.  Thus  the 
secondary  flux  reacts  upon  the  stationary  primary  as  if  it  were  pro- 
duced by  the  stationary  secondary  of  a  transformer.  In  this  sense 
the  secondary  quantities  entering  into  the  diagram  given  below, 
.ought  to  be  clearly  understood. 

Useful  and  Leakage  Flux — In  reality,  neither  the  flux  produced 
by  the  primary  nor  that  produced  by  the  secondary  exists  separately. 
The  magnetic  flux  in  the  air-gap  is  a  certain  resultant  produced  by 
the  combined  action  of  both  primary  and  secondary.  .The  magnetic 
fluxes  in  the  primary  iron  and  in  the  secondary  iron  are  different 
from  the  air-gap  flux,  because  they  each  contain  leakage  lines. 

To  construct  the  performance  diagram  of  an  induction  motor, 
we  must  express  graphically  the  following  conditions  relating  to 
these  magnetic  fluxes;  (a),  The  counter  e.m.f.  induced  in  the  pri- 
mary winding  by  the  revolving  flux  in  the  air-gap,  is  such  that  it 
leaves  a  part  of  the  impressed  e.m.f.  just  sufficient  to  overcome  the 
primary  ohmic  resistance  and  self-induction,  (b).  That  the  e.m.f. 
induced  in  the  secondary  winding  by  the  flux  in  the  air-gap  has  a 
value  necessary  to  drive  the  secondary  current  through  the  ohmic 
and  inductive  resistances  of  the  secondary  winding. 
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Fig.  50  illustrates  the  different  llux  jiaths  both  useful  and  leak- 
age as  follows:  P^  is  the  useful  llux  produced  by  the  primary  wind- 
ing. It  passes  through  the  air-gap  and  interlinks  with  the  secondary 
iron.  L,  is  the  leakage  flux  produced  by  the  primary  current.  It 
simply  surrounds  the  teeth  of  the  primary  core.  Similarly,  F^  is  the 
useful  secondary  llux  passing  through  the  air-gap  and  L^  is  the 
leakage  secondary  flux  surrounding  the  teeth  of  the  rotor.  The  ar- 
rows of  the  secondary  fluxes  arc  shown  in  the  opposite  direction  to 
those  of  the  primary  fluxes  because  the  secondary  currents  are,  in 
general,  opposite  to  the  primary  current,  as  in  a  transformer.  In 
reality  both  primary  and  secondary  currents  are  producing  their 
fluxs  simultaneously  so  that  the  actual  fluxes  are  equal  to  the  re- 
sultants, as  follows:  Flux  in  the  primary  iron  equals  F^-\-L^-\-F^. 
The  flux  in  the  air-gap  equals  F,-\-F^.  The  flux  in  the  secondary 
injn  equals  F^-\-  L^^  F^. 


itiO)!;  ■ 


FIG.    50 

Since  low  magnetic  densities  arc  used  in  induction  motors,  the' 
fluxes  may  be  assumed  proportional  to  the  ampere-turns  which  pro- 
duce them.  I'he  same  vectors  in  the  diagram  may  be  taken  to  rep- 
resent currents,  ampere-turns,  or  fluxes,  by  the  use  of  different 
scales. 

Three  Para//ehi^Ta?)is  of  fluxes.  Fig.  51  represents  the 
above  mentioned  relations  among  different  magnetic  fluxes  or 
magnetizing  ampere-turns.  Let  O  A,  be  the  primary  current 
and  O  A^  the  secondary  current,  the  lengths  of  the  vectors  being 
taken  so  as  to  represent  the  relative  values  of  the  correspond- 
ing ampere-turns  of  these  windings,  both  reduced  to  the  pri- 
mary. O  A,  in  Fig.  51  corresponds  to  the  total  primary  flux,  F,-\- 
L„  in  Fig.  50.  O  B,  corresponds  to  the  useful  primary  flux  /^,  and 
B,  A,  corresponds  to  the  primary  leakage  flux  L,.  Similarly,  O  B, 
is  the  useful  secondary  flux  and  .IM^  is  the  secondary  leakage  flux. 
The  actual  m.agnctic  flux  existing  in  the  primary  iron  is  then  a  re- 
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sultant  of  O  A^  and  O  B„,  as  explained  before.  This  resultant  is 
represented  by  the  vector  O  Q.  The  actual  flux  in  the  secondary 
iron  is  O  C,  the  resultant  of  O  A^  and  O  B^.  The  actual  flux  in 
the  air-gap  consists  of  the  useful  parts  of  the  fluxes  O  A^  and  O  A^, 
that  is,  the  resultant  of  O  B^  and  O  B^,  and  is  represented  by  the 
vector   O   Q.      The  fluxes   O   Q,    O   C  and    O   Q  are  the  only  real 


FIG.    51 

fluxes  in  the  motor.  The  fluxes  produced  separately  by  the  primary 
and  secondary  windings  do  not  exist  in  reality  and  have  been  intro- 
duced in  order  to  show  tlic  origin  of  these  resultant  fluxes,  and  their 
mutual  relations. 

Primary  and  Secondary  Voltages — O  C,   is  the  total  magnetic 
flux  which  cuts  the  winding  of  the  primary.     The  e.m.f.  which  it 
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induces  is  then  90  degrees  behind  it  and  is  represented  by  the  vector 
O  P.  Adding  to  O  P,  the  primary  ohmic  drop  P  Q,  parallel  to  the 
direction  of  the  primary  current  O  A„  we  get  0  Q  equal  to  the  im- 
pressed voltage  of  the  motor.  'Jliis  is  the  first  of  the  two  conditions 
mentioned  above.  The  total  e.m.f.  induced  in  the  secondary  by  the 
flux  O  C  is  90  degrees  ahead  of  that  flux,  and  as  it  is  only  used  for 
overcoming  the  ohmic  resistance  of  the  secondary,  this  drop  coin- 
cides with  the  direction  of  the  secondary  current  O  A^.  The  vector 
O  C  niust  then  be  perpendicular  to  O  A^. 

It  will  be  noticed  that  the  primarj'  and  secondary  leakages  are 
treated  in  this  diagram  in  a  different  manner  from  that  used  in  pre- 
vious diagrams  of  transformers,  transmission  lines,  etc.  Here-to-fore 
the  leakage  has  been  considered  as  an  additional  e.m.f.  at  90  degrees 
to  the  direction  of  the  current.  In  the  present  case,  the  leakage  is 
treated  as  an  additional  magnetic  flux  in  the  direction  of  the  cur- 
rent. It  is  self-evident  that  the  two  ways  of  treating  the  subject 
lead  to  the  same  results,  since  to  every  magnetizing  flux  corresponds 
an  e.m.f.  at  90  degrees  to  the  vectorial  direction  of  this  flux.  Pre- 
vious diagrams  have  been  essentially  diagrams  of  e.m.f.'s,  therefore 
it  has  been  more  appropriate  to  treat  leakage  as  an  e.m.f.  The  dia- 
gram of  an  induction  motor  is  based  on  the  additions  of  the  mag- 
netic fluxes,  therefore  it  is  more  convenient  in  this  case  to  consider 
the  leakage  as  an  additional  magnetic  flux. 


FACTORY  TESTING  OF   ELECTRICAL 
MACHINERY-X 

By  R.  E.  WORKMAN 
ALTERNATING- CURRENT    MACHINERY 

THERE    are   three    distinct    types   of    alternating-current   ma- 
chinery in  general  use. 

I.     Alternating-current      synchronous     generators     and 
motors. 

II.  x'Mternating-current  to  direct-current  rotary  converters. 
Direct-current  to  alternating-current  rotary  converters. 

III.  Indviction  motors. 

As  in  the  case  of  direct-current  machinery,  the  testing  of  each 
of  the  above  classes  of  alternating-current  machinery  will  be  divided 
into  two  groups : 

Experimental  and  Commercial.  Each  of  these  classes  will 
be  considered  separately  as  different  methods  of  testing  are  employed 
due  to  inherent  differences  in  the  action  of  the  machines. 

I. ALTERNATING-CURRENT  SYNCHRONOUS  GENERATORS 

Experimental  Testinc.  The  tests  commonly  made  are  given 
in  Table  I  of  the  Introduction,  February  issue.  The  order  of  tests 
given  there  is  not  necessarily  that  in  which  the  tests  are  performed, 
this  order  being  determined  by  convenience,  is  as  follows : 

(a)     Tests  made  with  the  machine  at  rest. 

fb)  Tests  made  with  the  machine  driven  on  open  circuit  by 
a  separate  driving  motor. 

(c)  Tests  made  with  the  machine  loaded  nearly  as  possible 
as  in  service. 

The  tests  will  be  described  in  the  order  in  which  they  are  per- 
formed. 

Loss  Tests.  The  losses  in  alternating-current  machines  as  in 
direct-current  machines  are  of  three  kinds: 

(a)  Copper  losses, 

(b)  Iron  losses. 

(c)  Friction  losses. 
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(a)  CorPER  LossKS — The  copper  loss  in  any  winding  of  the 
machine  may  be  found  by  multiplying:^  its  resistance  by  the  square 
of  the  current  tlowinf^-.  Hence  it  is  sufficient  to  measure  the  resist- 
ance of  the  windint^s  with  the  machines  at  rest.  This  is  done  exactly 
as  described  in  l^u't  II.,  p.  98,  the  resistances  measured  being  those 
from  terminal  to  terminal  of  the  armature  and  that  of  the  field 
winding  or  windings.  This  test  is  made  with  an  iron-loss  and 
saturation  test  table,  usually  just  before  the  iron-loss  test. 

The  relation  of  the  resistance  of  a  leg  of  the  armature  wind- 
ing to  that  from  terminal  to  terminal,  and  the  relation  of  the  current 
per  leg  to  the  external  current  depend  on  the  scheme  of  connec- 
tion used. 

Tn  the  great  majority  of  cases  the  polyphase  systems  dealt  with 
in  the  testing  department  are  balanced  and  symmetrical ;  hence  only 

such  cases  will  be  considered.  The 
following  relations  may  be  used  to 
find  the  ohmic  drop  and  the  copper 
loss  in  the  armature  of  any  of  the 
various  types  of  machines  in  u,se : 
Let  /=currcnt  in  each  line. 

r=measured     resistance     from 
terminal  to  terminal   of 
armature  of  macliine. 
rf=ohmic  drop   from   terminal 
to  terminal  with  current 
i  in  the  lines. 
/<r=total  copper  loss  with  cur- 
rent i  in  the  lines. 
/=total  current  (  cfjual  to  2Xi  in  the  case  of  two-phase  circuits 
and  equal  to  ]/3Xz  in  the  case  of  three-phase  circuits). 

The  total  current  is  the  current,  which,  when  multiplied  by 
the  volts  from  terminal  to  terminal  gives  the  apparent  power  in 
volt-amperes.  It  is,  in  other  words,  the  current  in  an  equivalent 
single-phase  system. 

For  single-phase  machines,  d=i  r  and  Ic-^h 
h'or  two-phase  machines,  independent  circuits  and  Star  connec- 
tion. 

d  =  i  r 
/c  =  2  P  r 
Ic  =  %  r-r 


51 ARMATURE   OF    ALTERNATOR, 

MESH    OR   RING    CONNECTION 
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Alcsh   or  Ring  connection.      Referring   to   Fig.    51,   it   will   be 
seen  that  the  resistance  of  each  section  of  the  winding-^r 


also  that  ?'a_b  =  Zb-c  =  2c-d  =  Zd-a=  -7     / 

andaA-B^"B  c^"  c-t)  =  "d— a^=  ^7^  r  z 

\  ^ 

Therefore,  since  d  is  the  vector  sum  of  the  drops  from  B-A  and 

from  A-D,  d<=ir 

Copper  loss  per  leg=y2^r 
Therefore  lc^2pr=y2pr 
For  three-phase  machines — 
Star  or  y  connection.     Referring 
to   Fig.    52,    it  will   be  seen  that 

^  A— O  ^  ^  B— O  ^  ^  C—O  ^  /4    ^ 

Therefore  a' a-o  =  ^  b-o  =  ^  c-o 

Since  these  three  drops  differ 
in  phase  by  120  degrees, 

VS-. 


FIG.    52 ARMATURE   OF  ALTERNATOR, 

STAR    OR    Y    CONNECTION 


d- 


Since  the  loss  in  each  \eg=r--y2i^r 


/c=- 


Pr 


Delta  or   Mesh  connection.     Referring  to   Fig.   53,   it  will  be 
seen   that  the   resistance   of  each 


section 


(This  is  evident  if  it  is  noted 
that  r  is  the  resistance  of  one  sec- 
tion with  two  others  in  parallel. ) 

Since  the  current  in  the  ex- 
ternal circuit  differs  in  phase  by  1 20 
degrees  from  the  current  in  a  leg. 


the  latter 


I 
— ^^  t 
I  3 


2 


FIG.    53 ARMATURE  OF  ALTERNATOR, 

MESH    OR    DELTA    CONNECTION 


hence,    d=  z  X  4  i 

V3 
Also   the   copper  loss   per  section  =  ^  /*  X  f  ^  =  jS^  i'  1' 

Hence   the   total   copper   loss  =  fX — /'=5^  I^  r 
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From  the  foregoing  it  will  be  seen  that,  as  a  general  principle, 
the  copper  loss  in  a  polyphase  circuit  is  one-half  the  product  of  the  re- 
sistance from  terminal  to  terminal  and  the  square  of  the  equivalent 
current  in  a  single-phase  system. 

(b)  Iron  Losses.  These  are  made  exactly  as  in  the  case  of  di- 
rect-current machines,  a  description  of  which  is  to  be  found  in  Part 
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FIG.    54 IRON    LOSS,    SATURATION,   AND    SHORT-CIRCUIT    CURVES IO00-K\V.,    50O-VOLTS, 

60-CYCLES,    3-PHASE,    18-POLE    ALTERNATOR. 

II.,  p.  102.     Fig.  54  shows  the  iron  loss  curve  for  a  looo  kw.  500 
volt,  60  cycle,  three-phase,  18  pole  alternator. 

(c)  Friction  Losses.  The  friction  losses  in  an  alternating- 
current  generator  are  only  taken  into  account  on  belted  or  two  bear- 
ing machines.  The  brush  friction-loss  is  assumed  as  negligible,  and 
the  whole  friction  loss,  in  the  case  of  an  engine-type  machine,  is 
charged  to  the  engine. 


FACTORY  TESTING 


615 


Saturation.  This  test  is  made  exactly  as  described  for  a  di- 
rect-current machine  in  Part  IT.,  p.  103,  and  Part  III.,  p.  174,  and 
is  made  for  the  same  purpose.  Readings  are  taken  of  the  voltage  on 
each  phase,  to  see  that  they  are.  balanced.  In  the  case  of  a  two- 
phase  interconnected  machine,  readings  should  be  taken  across  the 
corners.  Fig.  54  shows  the  saturation  curve  for  the  1000  kw.  alter- 
nator mentioned  above.  In  comparing  this  curve  with  that  of  the 
direct-current  generator  shown  in   Fig.   15,  p.   175,  it  will  be  seen 
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FIG.    55 TESTING   TABLE    FOR   ALTERNATING-CURRENT    MACHINES. 

that  the  curve  for  the  alternating-current  machine  is  much  straighter. 
This  is  because  in  an  alternator,  the  air  gap  constitutes  a  much 
greater  proportion  of  the  reluctance  of  the  magnetic  circuit  than  in 
a  direct-current  machine. 

GENERATOR   STI  ORT-CIRCUIT  Tl'.ST. 

The  object  of  this  test  is  to  ol)tain  an  estimate  of  the  effect  of 
armature  impedance  in  reducing  the  voltage  of  the  machine  for  a 
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constant  speed  and  field  current.  The  use  of  the  results  for  this  pur- 
pose will  be  explained  under  regulation. 

Preparations  for  Test.  The  only  difference  between  the  short- 
circuit  test  and  the  iron  loss,  friction  and  saturation  test,  is  that 
the  generator  instead  of  being  on  open  circuit  has  the  leads  from 
its  armature  connected,  as  shown  in  Fig.  56,  to  the  terminals  at  the 
side  of  the  table  shown  in  Fig.  55.  The  terminals  at  the  front  of 
this  table  are  connected  together  by  means  of  cables,  making  it 
possible  to  short-circuit  the  armature  by  closing  the  table  switches. 

In  the  case  of  two-phase  machines,  one  phase  is  connected  to 
terminals  i  and  3.  The  other  phase  is  connected  to  terminals  2  and 
4.  The  terminals  i  and  3  and  also  the  terminals  2  and  4,  are  con- 
nected together  on  the  front  of  the  table.  In  case  of  three-phase  ma- 
chines, the  three  leads  from  the  generator  armature  are  connected  to 
terminals  i,  2,  and  3,  and  terminals  i,  2,  and  3  on  the  front  of  the 
table  are  connected  together.  This  arrangement  is  made  so  that  a  dy- 
naniometer  can  be  inserted  in  each  of  the  phases  of  the  generator.  A 
compensated  generator  has  its  compensating  field  disconnected  and 
the  secondary  of  its  compensating  transformer  short-circuited. 
Measurements  are  made  on  this  table  as  described  below : 

At  the  front  of  the  table  there  are  three  double-pole,  double-throw 
switches  D  S^,  D  S^,  and  D  S^.  Across  D  S^  is  connected  the  dynamo- 
m.eter  and  wattmeter  circuit,  as  shown.  The  switches  S^,  S^,  ^3  and  ,^4 
are  in  the  four  phases  i,  2,  3  and  4  respectively.  In  order  to  read  the 
current  in  i,  for  instance,  it  is  necessary  to  throw  D  S^  and  D  S^  to- 
wards the  back  of  the  table  and  open  S^.  To  read  the  current  in  2,  S^ 
must  be  closed,  D  S,  thrown  over,  and  S^  opened.  Similarly  with  the 
other  phases.  In  order  to  read  the  voltages  across  the  phases  the 
double-throw,  double-pole  switch  ['  ,5^  is  used.  The  voltage  across 
I  and  2  is  read  with  D  S,  thrown  back  and  V  S^  thrown  forward. 
I  to  3  is  read  with  D  S^,  D  S^  and  V  S^  thrown  back.  2  and  3  is 
read  with  D  S,  thrown  forward  and  D  ,51  and  V  S\  thrown  back 
When  V  S^  is  thrown  forward  the  voltage  is  measured  direct  on  the 
voltmeter;  when  it  is  thrown  back  the  voltmeter  transformer  is 
brought  into  action,  and  only  a  fraction  of  the  line  voltage  is  put 
across  the  voltmeter.  The  watt-meter  has  its  series  coil  in  series  with 
the  dynamometer,  but  this  may  be  short-circuited  by  means  of  the 
switch  ff  S,  and  the  wattmeter  taken  out  if  desired.  The  shunt 
coil  of  the  wattmeter  is  connected  in  parallel  with  the  voltmeter, 
as  shown.     For  the  compensating  field  of  the  generator  there  is  a 
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dynamometer  and  short-circuited  ping.  For  the  separate  field  there 
i?  a  switch,  an  ammeter  and  an  ammeter  short-circnitinjj  switch,  as 
shown. 

Conduct  of  Test.  The  motor  belted  to  the  alternator  to  be 
tested,  is  started  np.  the  speed  adjusted  and  a  reading  taken,  as  in 
the  iron  loss  test,  of  the  motor  input  with  no  field  current  on  the 
generator.  The  short-circuiting  switches  on  the  alternating-current 
table  are  then  closed,  short-circuiting  the  armature  through  the  table. 
The  generator  separate  field  circuit  is  now  closed,  with  sufficient  re- 
sistance in  scries  to  give  a  very  low  field  current  and  th.en  this 
field  current  is  increased  till  half-load  cm-rent  is  read  on  the  dyna- 
mometer in  the  generator  main  circuit,  when  readings  are  taken  of 
the  driving  motor  input  and  the  generator  separate  field  current. 
The  same  readings  are  taken  with  the  current  at  its  full-load  value. 

Working  up  Results.  The  iron  and  copper  loss  for  each  of 
the  readings  is  found  by  subtracting  the  motor  input  with  no  field 
current  on  the  generator  from  the  motor  input  in  each  of  the  other 
cases.  The  loss  thus  obtained  and  the  field  currents  are  plotted  to 
the  main  amperes.  Fig.  54  shows  the  short-circuited  curves  for  the 
1000  kw.  alternator  mentioned  above. 

3  Phase  Generator 


Exciter 


To  Sc'.5arate  FicH  Coils 


Rheostat 


Series 


To  Ccmpcnsjting  Fidd  Coils 

F'f^-    .S7 DIAGRAM.\TIC    SKETCH    OF    TTIK     FIKI.D    CIRCUITS    OK    A    THKEE-PHASI-:    REVOLV- 
ING   ARMATURE,    COMPENSATED,    ALTERNATOR 

THIi   COMPENSATING    FIKI-D   CIRCUIT  OF   AN    .ALTFRN  ATOR. 

h'ig.  57  is  a  diagi-cimatic  sketch  of  the  field  circuits  of  a  three- 
phase  revolving  anviature,  compensated  alternator.  T  is  a  series 
transformer  whose  primary  is  in  three  parts.     Each  of  these  parts 
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is  in  series  with  a  tap  from  the  armature  windiiic;'  to  the  sHp  rings  R. 
The  secondary  of  the  transformer  has  its  two  ends  connected  to  the 
halves  of  the  rectifying  commutator  C.  This  commutator  consists  of 
two  copper  rings  with  interlocking"  teeth  insulated  from  one  another 
as  shown  in  the  figure.  There  is  one  tooth  in  each  ring  for  every 
pair  of  poles  in  the  field.     The  spacing  of  the  brushes  on  this  com- 

3  Phizc  Generator 


FIG.     58 DIAGRAMATIC     SKETCH     OF     COMPENSATOR     CONNECTIONS     USING     STATIONARY 

transformers;    the    compounding    BEING    EFFECTED    ON    THE 
EXCITER      instead     OF     THE     GENERATOR 

mutator  is  made  such  that  they  rest  on  teeth  connected  to  dififerent 
ends  of  the  transformer  secondary  winding.  The  action  of  the  com- 
nmtator  is  simply  to  reverse  the  connections  to  the  transformer  twice 
in  each  cycle.  If  the  brushes  are  so  placed  that  the  current  is  zero 
when  the  reversal  takes  place,  the  current  will  obviously  be  always 
in  the  same  direction,  but  varying  in  intensity  from  zero  to  a  maxi- 
mum. The  brushes  are  connected  to  the  ends  of  an  auxiliary  wind- 
ing on  the  generator  field.  It  is  evident  that  as  the  phase  of  the  ar- 
mature current  changes,  the  position  of  the  brushes  for  sparkless 
operation  and  complete  rectification  will  also  change,  and  that  the 
compensating  efifect  may  thus  be  varied  by  setting  the  brushes  at 
special  positions.  In  order  to  maintain  mechanical  balance  the  com- 
pensating transformer  is  always  tiivided  into  two  parts  placed  on 
opposite  sides  of  the  shaft  and  connected  in  series. 

Fig.  58  shows  an  alternative  method,  using  stationary  trans- 
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former  and  coinpensatiiiQ-  h}-  means  of  compounding  turns  on  the 
exciter  instead  of  on  the  generator.  For  proper  working  of  this 
method,  the  exciter  must  be  worked  at  a  low  magnetic  density.  The 
diagram  is  self-exphmatory. 

Compciisafor  Short-Circuit  Reading.  This  test  is  made  to  find 
the  ratio  of  the  current  in  the  compensator  secondary  to  that  in  the 
primary.  The  reading  is  taken  after  the  armature  sliort-circuit 
readings,  by  short-circuiting  the  compensator  brushes  through  a 
dynamometer.  The  compensator  brushes  "^are  set  to  give  maximum 
current  for  each  reading.  The  alternator  is  run  short-circuited 
with  a  weak  field  and  the  currents  in  the  armature  circuit  and  in 
the  compensator  circuit  are  measured.    This  gives  the  ratio  required. 

Rkgulation  .and  Efficiency.  Regulation  in  an  alternating- 
current  generator  is  the  rise  in  terminal  voltage  that  takes  place 
when  full-load  is  thrown  off.  Tliis  rise  is  ex]:)ressed  as  a  percentage 
of  the  full-load  voltage,  the  speed  being  supposed  constant  through- 
out. This  test  may  be  made  under  the  following  conditions,  depend- 
ing on  the  type  of  generator  being  tested : 

(i)  Separately  Excited  Generator.  Speed  and  field  current 
held  constant  throughout  test. 

(2)      Compensated  Generator.     Speed  held  constant. 

(a)  Constant  potential.  Separate  field  set  for  full  voltage 
at  no  load  and  compensator  brushes  moved  at  each  reading  to  get 
constant  potential. 

(b")  Maximum  compounding.  Separate  field  set  as  be- 
fore. Compensator  brushes  set  so  as  to  give  maximum  compound- 
ing at  full-load  and  held  in  this  position  throughout  test. 

The  drop  in  voltage  depends  on : 

( 1 )  The  armature  resistance. 

(2)  The  armature  reactance. 

(3)  The  demagnetization  of  the  field  by  the  armature,  cur- 
rent especially  at  low  power-factors. 

The  combined  effect  of  (i),  (2)  and  (3)  is  called  the  syn- 
chronous impedance.  ~ 

Large  machines  are  generally  separately  excited,  while  small 
ones  are  more  often  compensated. 

While  with  direct-current  n  achines  it  is  a  simple  matter  to  de- 
termine the  regulation,  with  alternators,  there  are  many  difficulties 
due  to  the  following  causes : 
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( 1 )  Alternators  are  generally  built  for  very  high  voltages, 
chiefly  owing  to  the  ease  with  which  any  desired  voltage  may  be  ob- 
tained by  using  transformers.  Tests  on  resistance  load  at  these  high 
voltages  are  troublesome  and  it  is  generally  difficult  to  obtain  trans- 
formers suitable  for  obtaining  a  workable  voltage. 

(2)  Large  alternators  cannot  be  easily  loaded  back  as  can  be 
done  with  large  direct-current  generators. 

If  however,  a  regulation  point  is  known,  at  any  known  power- 
factor,  it  is  possible  to  find,  very  nearly,  its  equivalent  for  the  same 
current  at  any  other  power-factor.  Hence,  tests  for  regulation  may 
often  be  made  by  loading  the  alternator  on  resistances,  reactance 
coils,  large  induction  motors  or  large  synchronous  motors  running 
on  no-load.  The  low  power-factor  at  which  these  tests  may  be  made 
allows  the  generator  to  be  driven  with  the  expenditure  of  a  very 
small  amount  of  energy. 
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items  from  the  note  book  of  the  apprentice 
Turbo  Generator  Field  Construction 

THE  peripheral  speed  of  the  rotating  element  of  turbo  genera- 
tors is  two  to  two  and  a  half  miles  per  minute  for  the  large 
sizes  and  considerably  greater  for  the  small  machines.  The 
problem  of  mechanical  construction  has  therefore  been  given  very 
careful  consideration. 

The  core  is  usually  made  from  one  piece  of  solid  steel,  though 
for  the  larger  sizes  two  pieces  are  used,  being  pressed  side  by  side 
on  the  shaft  in  a  similar  manner  as  in  the  case  of  a  single-piece  core. 


un' 


Fig.  I — Two  Pole,  Rotating  Field  Turbine  Generator  One-half  Field  Wound 

The  poles  are  formed  by  milling  parallel  slots  around  the  as- 
sumed pole  direction  as  seen  from  Fig.  i.  The  field  windings  are 
placed  in  these  slots — each  slot  holding  one  coil  of  copper  strap. 
These  coils  are  very  conveniently  wound  in  the  shop  by  clamping 
the  rotating  part  horizontally  over  the  center  of  the  table  of  a  bor- 
ing mill.  The  copper  straps  are  pulled  through  tension  blocks  as 
the  mill  table  is  rotated.  Ribbons  of  insulating  material  are  wound 
in  with  the  copper  straps.  After  a  coil  has  been  wound,  the  slot 
is  closed  on  all  four  sides  with  brass  wedges  dovetailed  into  the 
outer  edges  of  the  slot  walls.     The  finished  field  of  the  two-pole 
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type  is  a  perfectly  smooth  cylinder  as  shown  in  Fig-.  2.     Fields  of 
more  than  two  poles  are  milled  as  shown  in  Fig".  3.     In  all  cases  the 


Fig. 


-Rotating   Field  400   Kw.   Turbine   Generator 

field  coils  are  secured  by  heavy  brass  wedges  in  the  slots.     Venti- 
lating ducts  are  slotted  or  milled  at  right  angles  to  the  shaft.. 

Each  coil  is  provided  with  suitable  terminals  at  one  end  of  the 


Fig.  3- — Four  Pole.  Rotating  Field  of  6000  Kw.  Turbine  Generator 

field  whereby  all  the  coils  are  finally  connected  in  series  and  a  pair 
of  terminal  leads  are  brought  along  the  shaft  to  suitable  collector 
rings  shown  in  Figs.  2  and  3. 


BALANCING    TURBO    END    BELLS 

The  high  speed  at  which  a  turbo  generator  is  run  requires  a 
very  perfect  balance  of  its  rotating  part.  The  end  bells  are  usually 
balanced  before  assembling,  and  for  this  a  special  modification  of  the 
ordinary  weighing  machine  has  been  devised. 

The  apparatus  consists  of  a  circular  platform  having  a  long 
threaded  iron   rod  secured  perpendicularly  at  its  center.     Just  be- 
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neath  the  platform  is  a  cross  arm  secured  rigidly  to  the  rod.  The 
ends  of  the  cross  arm  rest  upon  knife  edges.  The  construction  at 
once  has  the  appearance  of  a  pendulum  carrying  a  circular  table  top 
on  its  upper  end. 

The  lower  end  of  the 
threaded  rod  carries  a 
weight  with  an  adjusting 
nut  whereby  the  center  of 
gravity  may  be  brought 
very  near  to  the  knife 
edges,  thereby  effecting  a 
very  delicate  balance  for 
any  given  weight  of  end 
bell. 

The  platform  is  so  at- 
tached to  the  rod  that  it 
may  be  rotated  and  clamped 
in  any  desired  position.  An 
attached  pointer  moves 
over  a  scale  much  the  same  as  that  of  the  ordinary  chemical  balance. 
The  operation  of  balancing  an  end  bell  consists  in  carefully 
centering  the  bell  on  the  platform  and  securely  clamping  it.  By 
adding  weights  to  the  light  side  or  boring  out  on  the  heavy  side 
the  pointer  is  brought  to  zero.  The  platform  is  now  turned  90  de- 
grees and  the  bell  balanced  again.  This  is  repeated  until  the  bell 
is  balanced  for  every  position  of  the  platform. 

The  above  apparatus  as  built  for  service,  is  provided  with 
various  stops  limiting  the  rotation  of  the  platform  and  preventing 
excessive  swinging.  Means  are  also  provided  for  relieving  the  knife 
edges  of  the  weight  of  the  apparatus  when  not  in  use. 


EDITORIAL  COMMENT 

An  Apprentice  s    WJienever  a  discussion  takes  place  concerning 
Impression  of        ,  ^     ,        .     ,  .  ,      , 

The  Electric  trammg  of  electrical  engineers,  and  educa- 

Club  tion  along  electrical  lines  in  general,  the    terms 

theoretical  and  practical  inevitably  creep  in.  To  an  apprentice  in 
a  large  electrical  manufacturing  company  the  terms  have  a  very 
familiar  sound,  for  while  at  college  he  vv^as  constantly  reminded 
that  there  he  was  obtaining  a  theoretical  training  and  that  after 
graduation  he  must  needs  have  a  practical  training  in  order 
to  have  rounded  out  for  himself  an  electrical  engineering  educa- 
tion. He  is  more  than  apt  to  be  filled  with  the  idea  that 
the  'two  elements  are  separate  and  more  or  less  independent.. 
i^\irthermore,  he  does  not  yet  possess  any  adequate  conception 
of  the  significance,  either  of  the  terms  themselves  or  of  the 
systems  of  training  which  the  terms  represent. 

To  the  young  graduate  the  Electric  Club  performs  the  fun- 
damental function  of  revealing  the  significance  of  what  before 
was  vague  in  his  mind,  showing  how  these  things  which  he 
thought  individual  elements  in  his  training,  are  correlated,  and 
that  the  training  which  he  seeks  is  neither  the  one  nor  the  other 
entire  in  itself,  but  one  which  may  be  said  to  be  symmetrical 
and  which  is  justified  only  by  its  effectiveness  in  securing  use- 
ful results. 

It  is  not  intended  here  to  review  the  already  well-known 
features  of  The  Electric  Club.  The  apprentice  comes  from  col- 
lege where  his  efforts  have  been  to  answer  the  questions  "Why?" 
and  "How?,"  to  the  electric  company,  where  it  is  rather  the  ques- 
tions "How  applied?"  and  "For  what  purpose?"  that  engage 
his  attention.  The  work  and  observations  in  the  shops  afford 
answers  to  these  questions,  complete  in  some  cases,  but  more 
often  not  so.  It  was  probably  the  realization  of  this  condition 
that  led  the  founders  of  The  Electric  Club  to  etifect  its  organ- 
ization. The  club  exists  primarily  to  meet  the  needs  of  its  mem- 
bers, and  its  continuous  growth  and  the  development  of  its  in- 
dividual members  from  the  start  have  been  a  measure  of  the 
realization  of  those  needs.  The  opportunities  afforded  by  the 
sections  are  unquestioned,  and  the  advice  and  instruction 
of  engineers  who  are  not  dealing  with  theory  for  its  own  sake, 
but  who,  with   theory  as  a  basis,  are  effecting  material  results 
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that  arc  useful,  caiuiot  but  be  of  great  value  to  the  apprentice 
striving"  to  learn. 

At  college  one  is  necessarily  possessed  of  a  narrow  point 
of  view.  The  association  with  men  at  the  club  whose  interests 
arc  identical,  but  whose  personalities  are  diiTerent,  and  who 
come  from  widely  separated  localities,  tends  to  broaden  one's 
view  of  both  men  and  atfairs.  The  personal  contact  with  the 
various  engineers  and  other  men  of  experience  is  a  constant  in- 
spiration and  source  of  encouragement. 

There  is  no  doubt  but  that  all  the  apprentices  who  attend 
the  various  meetings  of  The  Electric  Club,  fully  appreciate  and 
enjoy  the  opportunities  which  are  at  hand,  but  there  is,  how- 
ever, a  failure  on  their  part  to  realize  the  full  significance  oi 
their  membership.  There  is  a  tendency  of  the  apprentices  to 
assume  a  passive  attitude  and  to  merely  listen,  be  advised,  en- 
couraged and  assisted,  rather  than  to  make  any  reciprocal  effort. 
There  should  be  greater  co-operation  both  among  themselves 
and  with  those  who  conduct  the  work  of  the  club.  The  Elec- 
tric Club  cannot  reach  its  full  effectiveness  until  all  members 
are  filled  with  an  active  interest,  and  with  a  spirit  of  co-opera- 
tion. There  must  be  a  feeling  among  the  apprentices  that  there 
is  a  responsibility  of  having  things  done  by  them  as  well  as 
for  them. 

The  Electric  Club  is  not  only  a  source  of  engineering  in- 
formation, but  it  does  more  in  that  it  creates  a  state  of  mind 
which  does  not  and  cannot  exist  when  at  college.  Here,  one 
being  in  an  engineering  atmosphere,  -  begins  to  see  what  his 
knowledge  is  for  and  how  to  use  it. 

Someone  defines  life  as  the  correspondence  of  an  organism 
to  its  environment.  The  fullness  of  one's  life  regarded  as  a  de- 
velopment in  the  knowledge  and  practice  of  electrical  engineer- 
ing, is  measured  by  the  degree  of  his  adaptation  to  available 
opportunities.  S.  S.  J.  Morgan. 

It  is  rarely  that  the  lamp  of  engineering  experience 

e     o'"t    ^i^irigs  so  luminously  as  it  does  in  an  address  which 
of  View  •       ,  . 

appears  m  this  issue  of  The  Journal.     Mr.  Kerr  is 

not  speculating,  he  is  not  theorizing,  nor  giving  off-hand  advice, 

but  he  speaks  from  experience  and  observation.     Hence  the  weight 

of  what  he  says.     As   tlie  active  head  of   Westinghouse,   Church, 
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Kerr  &  Company,  he  is  not  only  in  intimate  relation  with  consult- 
ing engineers  and  construction  work  on  an  extended  scale,  but  he 
directs  the  work  of  many  engineers  and  observes  the  careers  of  many 
young  men.  As  a  trustee  of  Cornell  University  he  is  in  close  con- 
tact with  engineering  education  and  is  an  advocate  of  a  teaching 
force  of  men  who  spend  part  of  their  time  in  outside  engineering 
service. 

The  address  is  dedicated  directly  to  a  class  of  graduates,  but 
it  may  well  be  pondered  by  a  student  in  college  and  by  the  young 
man  who  is  getting  new  points  of  view  in  the  school  of  experience. 
Older  men  will  read  its  epigramatic  sentences  with  equal  interest 
and  profit.  Charles  F.  Scott. 


The  construction  man,  or  road  engineer,  is  required  to  be 
e  Koa  familiar  with  the  various  types  of  apparatus  made  by  his 
company  in  respect  to  their  construction,  installation  and 
operation.  As  understood  in  manufacturing  organizations,  construc- 
tion work  includes  all  operations  performed  m  the  field,  or  outside 
and  away  from  the  factory.  This  department  is  by  no  means  an 
unimportant  branch  of  the  business,  nor  is  it  the  least  attractive  to 
the  young  engineer.  He  comes  in  contact  with  the  customer  and 
the  customer's  engineers,  also  with  the  various  classes  of  operating 
companies  and  with  the  engineers  and  commercial  men  of  his  own 
company.  He  is  at  all  time  between  two  firing  lines:  he  must  har- 
monize the  interests  of  the  outside  concern  and  those  of  his  own 
company.  To  do  this  successfully  calls  for  the  exercise  of  consid- 
erable tact  and  judgment.  And  as  originality  is  continually  re- 
quired to  solve  diplomatic  as  well  as  engineering  problems,  the  road 
engineer  necessarily  broadens  in  his  views. 

A  very  large  proportion  of  the  men  occupying  responsible  posi- 
tions with  the  important  operating  companies  have  attained  their 
present  places  through  their  work  in  the  construction  field.  In  fact 
when  the  commercial  and  other  branches  of  a  companv  are  to  be 
recruited  the  first  inquiry  often  is :  Has  he  had  any  outside  experi- 
ence f 

The  arrangements  of  the  apprenticeship  course  lead  very  nat- 
urally to  engineering  Avork  in  the  field.  Tn  truth  it  is  desirable 
that  a  portion  of  the  apprenticeship  course  include  a  certain  amount 
of  outside  engineering  work.  There  seems,  however,  to  be  a  strong 
desire  among  apprentices  to  get  into  outside  work  at  the  earliest 
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possible  moment.  This  is  rather  to  be  regretted,  since  sucli  men 
are  usually  poorly  prepared.  As  a  rule  they  are  is^norant  of  me- 
chanical details  and  methods  to  be  used  in  overcominp^  mechanical 
and  electrical  troubles.  It  is  a  matter  of  record  that  the  men  who 
have  done  the  best  work  are  those  who  have  spent  the  g-reatest 
lens:th  of  time  in  the  factory.  R.  L.  Wtlson. 


CLUB  NEWS 

B.   B.  Abry,  of  the  Engineering  De-  TECHNICAL  WORK  OF  THE 

partment     of     the     Electric     Company,  ELECTRIC  CLUB. 

President  of  The  Electric  Club,  died  a  synopsis  of  the  technical  work  of 

October   30.   after  a   very  brief  illness.  The    Electric    Club    for    the    present 

season  has  been  prepared  with  two  ob- 
jects in  view :  First,  to  enable  the 
members    of    the    Club    to    select    work 

ON   Thursday  evening,   October   20,  =,u,-ted    to    their    individual    needs;    sec- 

Dr.    John    A.    Brashear    lectured  ond,   to   eive   to    those   outside   who   are 

before     The     Electric     Club     on  interested    in    The    Electric    Club    a 

•Photography  as  an  Aid  to  Astronomy."  definite  idea  of  the  nature  of  this  part 

The     lecture     was     illustrated     by     a  of  its  work, 

large    number    of   slides   as   unique   and  The   Technical   instruction   is   divided 

fascinating    in    character    as    a    journey  into    classes    or    sections,    each    section 

to   a   neighboring  planet.     They  empha-  pursuing  a  definite  line  of  subjects  and 

sized    the    fact    that    photography    has  meeting    periodically    for    general    dis- 

aided    science    as    well    in    proving    old  cussion  or  special  lectures, 

theories  as   in   making  new  discoveries.  The    apprentice    in    the    works   learns 

Dr.    Brashear.    who    is    always    enter-  the    actual    construction    of    apparatus, 

taining   and   enthusiastic,    enlivened   his  ^"t   he   has   no   means    of  learning  why 

lecture     by     genial     reminiscences     of  ^^^  apparatus  is  constructed   as  he  sees 

Professor    Young    and    of    Keeler    and  '*■  °''  ^'^^  '*  '^  "^^^1  after  it  leaves  the 

Barnard,      men     with     whom     he     has  works.      The    function    of    the    section 

worked    and    helped    in    adding    to    our  ^'"'"'^  '^  ^'^^"  supplementary  to  the  fac- 

world  the  wonders   of  a  million  others.  ^"''^   ^f^   "^  ^^^   apprentice   and   must 

deal  with  apparatus  :  with  its  selection, 
construction,  application,  and  opera- 
tion,   and    under    these    general    heads 

THE      PITTSBURG      BRANCH      OF  '\l^^^^^^.^^  ^^^^  Jf  ^."   arranged. 

^^^      ^^  1  he  sections  and  their  leaders  are: 

THE   A.    I.    E.    E.  Alternatin.g-Current    Apparatus.. 

The    Pittsburg   branch   of  the   Amer-       r^----- ; ^-  ^-  ''^'^'^^' 

iran    Tncfi'f.'.fz.    «f    T?i„  *  •     i    t-      •  I 'irect-Currcnt    Apparatus 

lean    institute    of    Electrical    Engineers  „     _    „     , 

held    its    first    meeting    of    the    present       t^  " "  "  > t   V^r  ^^" ,   "^ 

season    at    the    rooms    of    The    Electric       I""ir"T "L     w    l>  'f 

Club   on   Monday   evening.   October    17.       f^^f '^'^^^^d^ ^-    W-^^^^^ 

Three  papers   selected   from   those  pre-       ^^T"^T ' '  '  V' T    p  ^ft^ 

«Pr.t«.rl  ,t  ♦!,»  IT-   1    T       •        >r       ■        .  Railway  Apparatus T.  E.  Webster 

sented  at  the  High  Tension   Meeting  in        r^^j  Engineering R.  L.  Wilson 

Chicago    ,n    June,   were    abstracted    and        Protective   Apparatus N.   L    Neal 

discussed    by    Messrs.    Rowe.   Neal    and       Inspection O.  C.  Reymann 

elecS  t  .      ''".^    °^'"'     ''"'■"       Insulation R.  D.  DeWoIf 

dec  ed   to   serve   for   the   ensuing  year  :        General  Topics C.   P.  Machod 

Chairman,  N.  W.   Storer  ;   Secretary.   S.       Testing F.  E.  Wvnne 

M.    Kintner;    Executive   Committee.    P.  The  complete   synopsis   is   printed    in 

M.   Lincoln.   H.  W.   Fisher.   N.   C.   Mc-  a  pamphlet  of  16  pages  and  may  be  had 

^^^^^-  on  application   to  the   Secretary  of  the 

Club. 
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MODERN  PRACTICE  IN  SWITCHBOARD  DESIGN 

By  H.  W.  PECK 

TO  the  operating  engineer  a  knowledge  of  switchboard  en- 
gineering practice  is  valuable  that  he  may  thoroughly  under- 
stand his  particular  switchboard,  and  that  he  may  utilize  it 
to  the  best  advantage  in  controlling  the  generation  and  distribution 
of  power.  To  the  designing  engineer  this  knowledge  is  indis- 
pensable to  a  full  appreciation  of  the  conditions  in  actual  operation 
under  which  his  design  must  stand  up  in  competition  in  respect 
to  its  adaptability,  reliability,  economy  and  efficiency.  To  the  con- 
structing engineer,  it  is  essential  to  be  familiar  with  the  apparatus 
that  he  is  to  install  and  the  method  of  and  reason  for  its  use,  for 
he  it  is  who  must  make  the  actual  connections  on  the  board  under 
conditions  often  quite  different  from  those  presupposed  at  the  time 
of  laying  out  the  design.  He  must  first  test  and  operate  the  system, 
and  finally  explain  the  equipment  to  the  operating  engineer.  To 
the  superintendent  this  knowledge  is  of  great  aid  ih  judging  when 
and  how  his  board  shall  be  enlarged  and  improved,  or  discarded 
and  replaced  by  a  better  board.  He  can  see  w^ays  in  which  his  sys- 
tem can  be  improved  and  adapted  to  secure  a  new  and  a  larger 
business  and  enter  new  fields.  To  the  salesman,  an  intimate  and 
exact  knowledge  of  the  switchboard  equipment  suitable  for  the  re- 
quirements of  the  prospective  customer  who  is  in  the  market  for 
electrical  apparatus  is  of  the  greatest  value  in  presenting  his  com- 
plete proposition. 

1lie  general  features  of  the  growth,  both  mcchamcal  and  elec- 
trical, of  switchboard  ef|uipments  arc  well  known  to  every  electrical 
engineer.  First  there  were  only  switches  mounted  on  the  station 
wall,  to  which  soon  were  added  lead  fuses  and  current  and  potential 
indicators,  called,  bv  courtesy,  meters.  The  next  stc])  was  the 
switchboarrl,  with  apparatus  mounted  on  a  u-o<!den  frame  or  base  as 
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shown  in  Fig-,  i.  With  the  substitution  of  slate  for  wood,  and  marble 
for  slate,  and  the  great  improvement  in  apparatus  through  the  dili- 
gent work  of  skilled  designers,  we  have  the  modern  panel  board  of 
the  best  marble  equipped  with  highly  developed  switches,  enclosed 
fuses,  circuit  breakers,  and  accurate  meters  for  all  electrical  meas- 
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FIG.      I Sr.ANDARL)      SWITCH  IIOAKD       I.N      lS88,     CONTROLLING     FOUR     FEEDER      CIRCUITS. 

THE    CONSTRUCTION     WAS    ENTIRELY    OF    WOOD    AND    GENERALLY 
FLAT    AGAINST    THE    STATION     WALL 

urements.  Occupying  a  considerable  part  of  the  largest  high  tension 
power  stations,  yet  controlled  from  a  small  space  where  the  operator 
has  full  knowledge  of  all  circuits,  is  now  found  the  composite  con- 
trolling, measuring,  recording,  and  protective  equipment  commonly 
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called  the  distant  controlled  type  of  szvitchboard.  This  growth  has 
kept  pace  with  the  commercial  growth  of  electrical  power  from 
300  kw,  1000  volt  generators  and  500  lamp  feeders  with  a  type  of 
switchboard  as  shown  in  Fig.  i,  to  10,000  h.  p.  13,000  volt  generators 
and  60,000  h.  p.,  60,000  volt  feeders  with  a  type  of  switchboard  as 
shown  in  Fig.  2.  This  growth 
has  not  sufficient  interest  or 
value  to  us  as  history  to  be  taken 
up  in  further  detail,  but  in  con- 
sidering the  facts  and  reasons 
for  modern  practice,  the  import- 
ant lessons  of  experience  will  be 
brought  out. 

Few  engineers,  however,  ex- 
cept those  who  are  regularly  en- 
gaged in  this  work  or  have  lately 
undertaken  the  detail  design  of 
3.  modern  power  system,  are 
familiar  with  the  methods  used 
by  the  switchboard  engineer  to 
control  various  kinds  of  electri- 
cal power  stations  and  systems. 
Some  lines  of  switchboard  prac- 
tice have  become  quite  stand- 
ardized through  wide  and  inti- 
mate experience  with  systems 
having  practically  duplicate  op- 
erating conditions.  In  other 
lines,  however,  the  generating 
apparatus  and  the  requirements 
of  power  distribution  are  con- 
stantly changing  and  the  switch- 
board engineer  must  be  alert  not 
only  to  meet  all  demands  but  to 
take  the  lead  and  suggest  new 
lines  of  developments. 

It  is  the  purpose  of  this  series 
•of  articles  to  treat  of  modern  practice  in  s\\  itchboard  design  in  such 
a  way  as  to  make  them  of  practical  value.  The  methods  of  meeting 
all  of  the  more  common  requirements  will  l)c  taken  up,  the  perfec- 


FIG      2 STEEL      SWITCHROARD,      VERTICAL 

EDGEWISE  TYPE,  CONTROLLING  EIGHT 
HIGH  TENSION  FEEDER  CIRCUITS  BY 
MEANS  OF  ELECTRICALLY  OPERATED  OIL 
CIRCUIT-BREAKERS 
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tion  attained  bv  practice  in  standard  lines  will  be  described  and  ex- 
plained, and  the  present  tendency  in  oTOwth  will  be  brotij^ht  out. 

The  switchboard  is  to  the  electrical  power  system  wdiat  the 
h-(Mit  office  is  to  the  manufacturing  establishment.  It  brings  to- 
gether the  producer  and  the  consumer.  It  controls  the  entire  gen- 
erating station.  It  receives  the  output  from  each  generator,  and 
regulates  and  records  the  amount  of  power  produced.  It  conserves 
the  energ>-  available  and  seeks  conditions  of  maxinmm  efficiency. 
It  gathers  all  this  power  together  or  keeps  it  safely  separate  and  dis- 
tributes it  to  the  consumer  in  the  desired  quantity  and  quality 
to  the  limit  imposed  by  the  generating  station  or  its  own  organization. 
It  measures  and  makes  record  of  this  power.  It  adapts  the  products 
of  the  one  to  the  requirements  of  the  other.  The  machines  have  a 
straightforward  proposition  to  meet.  They  must  produce  a  given 
amount  of  power  of  certain  characteristics  under  specitied  condi- 
tions. Their  design  is  a  matter  of  accurate  calculation  guided  by 
experience  with  similar  machines,  and  the  result  is  a  fixed  quantity. 
The  feeder  circuits  on  the  other  hand  are  a  variable  quantity  in 
number,  size,  and  characteristics.  The  switchboard  is  the  flexible 
link  between  these  two.  It  is  the  careful  assembly  of  apparatus 
varying  from  the  massive  copper  bus-bars  or  the  strong  heavy 
operating  mechanism  of  the  oil  circuit  breakers  to  mechanism  as 
delicate  as  that  of  the  finest  watch.  It  must  be  designed  to  perform 
most  economically  the  present  duties.  The  almost  certain  require- 
ments of  the  early  future  must  then  be  provided  for,  and  to  make 
the  equipment  quite  satisfactory  the  unknown  conditions  of  the  more 
remote  future  must  be  considered  and  an  allowance  of  flexibility 
made  for  them.  .So  much  for  the  conditions  of  operation.  But  the 
switchboard  must  also  be  protective,  to  itself,  to  the  generators  and 
to  the  feeders.  It  must  be  designed  to.  reduce  all  abnormal  condi- 
tions which  may  arise  in  any  one  part  of  the  system  to  the  normal 
conditions  of  the  rest,  or  if  this  be  impossible,  to  promptly  cut  ofF 
the  disaflfected  part,  that  the  rest  may  continue  normal  operation. 
The  greatest  strain  of  an  electrical  system,  that  of  opening  loaded 
circuits,  must  be  met  regularly  by  the  switchboard,  and  often  under 
the  most  severe  conditions.  Insulation  and  fire  risk  must  be  watched 
most  carefully,  for  the  dangers  here  are  the  greatest,  and  yet  sim- 
plicity is  of  prime  importance  for  facility  and  reliability  of  operation, 
Every^  day  sees  some  new  apj^aratus  designed  or  improvements  ma<le 
on  the  old.    With  these,  the  engineer  must  become  familiar,  with  their 
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electrical  and  with  their  mechanical  qualities,  and  be  prepared  to  in- 
corporate them  intelligently  in  the  next  switchboard  design.  Some 
facts  regarding  materials  and  apparatus  which  apply  to  switchboards 
in  general  will  best  be  mentioned  before  taking  up  the  features  of 
particular  practice. 

MATERIAL 

The  materials  used  for  panels  are  white  Italian  marble,  blue 
Vermont  marble,  and  slate.  They  are  carefully  selected  for  this 
purpose  and  are  free  from  streaks,  flaws  or  conducting  veins.  The 
qualities  of  these  materials  which  have  caused  them  to  be  uni- 
versally adopted  for  switchboard  panels,  are  that  they  are  fireproof, 
are  moderately  good  insulators,  are  strong,  are  easily  obtained  in 
any  reasonable  size,  are  comparatively  inexpensive,  are  easily  worked, 

and  have  a  pleasing 
appearance.  The 
Italian  marble  is  of 
quite  uniformly  white 
color  and  is  the  hard- 
est and  strongest  of 
all  marbles.  It  is  very 
serviceable  m  a  t  erial 
and  when  new  or 
carefully  kept  pre- 
sents a  very  fine  ap- 
pearance in  a  switch- 
board, but  it  shows 
the  dirt  very  readily,  especiallv  oil,  which  spreads  and  makes  bad 
stains.  The  blue  Vermont  marble  varies  in  shade  from  one  almost  as 
light  as  the  white  Italian  marble  to  a  quite  deep  blue.  The  panels  for 
each  board  are  selected  to  match  in  shade  and  a  record  of  the  shade 
of  every  board  is  kept  in  order  that  future  panels  which  may  be 
added  to  the  board  will  match.  It  takes  only  about  five-eighths 
of  the  time  to  cut  or  drill  this  marble  as  it  does  for  the  Italian 
marble.  Ordinary  dirt  is  much  less  apparent  on  this  marble  than 
on  the  white  marble,  but  oil  stains  are  a  great  disfigurement.  Slate 
panels  are  strong,  but  are  less  homogeneous  than  the  marble.  Each 
panel  is  tested  for  conducting  veins  by  passing  the  two  poles  of  a 
10,000  volt  testing  box  over  the  front  and  rear  faces  respectively  of 
the  panel.  Slate  panels  are  always  sand  rubbed  and  given  an  arti- 
ficial finish,  as  described  below.     Soapstone  is  too  soft,  weak  and 


TYPE    C     CIRCUIT-BREAKERS     MOUNTED    ON    24    AND    20-INCH 
PANELS.     THREE   OF  THE   BREAKERS    SHOWN    HAVE  A   CA- 
PACITY   OF   600  AMPERES   AND  ONE  4OO  AMPERES 
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difficult  to  finish  well  to  make  good  panels,  but  is  much  used  for 

other  purposes. 

The  sniiill   panels  with  light  apparatus  are  made  of  one  and 

one-quarter  inch  material,  the  larger  ones  of  two  inch  material,  while 

panels  with  very  heavy  apparatu.«^;  espe- 
cially such  as  strains  its  support  in  open- 
ing, are  two  and  one-half  inch  thick. 
To  improve  the  appearance  of  the  panels 
and  to  prevent  the  inevitable  chipping  of 
the  sharp  edges,  a  bevel  is  cut  around  the 
front  face,  three-eighths  inch  for  panels, 
one  and  one-half  inches  thick,  one-half 
inch  for  panels  two  or  more  inches  in 
thickness.  There  are  standard  widths 
and  heights  of  panels  for  various  types 
of  boards,  a  large  stock  of  the  standard 
sizes  being  kept  on  hand  for  immediate 


500  AMPERE,  SINGLE  POLE, 
DOUBLE  THROW,  TYPE  D 
SWITCHES,  MOUNTED  ON 
A   24-INCH  PANEL. 


use. 


There  are  three  common  methods  of 
finishing  the  surface  of  the  panels.  The 
marble  will,  of  course,  take  a  high  polish  and  retain  its  nat- 
ural color.  This  finish  is  unquestionably  the  most  handsome 
when  the  panels  are  clean,  but  is  liable  to  discoloration.  Stains  can 
be  removed,  however,  by  applying  a  mixture  of  plaster  of  paris,  ben- 
zine and  chloroform.  The  marble  may  be  given  a  black  enamel 
finish  by  painting  it  with  woodman's  black,  varnishing,  baking  in  an 
oven  at  120  degrees  centigrade,  rubbing,  varnishing,  baking  and 
rubbing  again,  giving  a  highly  polished  jet  black  finish  which  is 
very  neat  and  serviceable.  This  finish  does  not  show  the  dirt  readily 
and  is  easily  cleaned  with  soap  and  water.  The  third  finish  is 
designated  as  dull  black  or  marine  finish.  To  obtain  this  the  marble 
is  hone  finished  with  emery  cloth  and  black  lacquer  is  sprayed  evenly 
over  the  surface  with  an  atomizer.  This  gives  a  soft  appearance 
which  is  very  pleasing,  and  the  finish  is  thoroughly  practical,  being 
durable,  not  showing  dirt  or  small  scratches  and  easily  refinished  if 
badly  scratched  or  scraped.  It  can  be  cleaned  like  the  enamel  finish. 
Slate  is  always  given  one  of  these  black  finishes. 

Marble  and  slate  can  be  easily  worked,  a  band  saw  being  used 
for  cutting,  a  chisel  for  trimming  and  a  sharp  pointed  drill  for  drill- 
ing, using  clear  water  for  lubrication.     Large  round  holes  are  cut 
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by  revolving  a  steel  plate  upon  the  face  of  the  marble  and  feeding 
sand  and  water  under  the  plate. 

The  frame  work  for  supporting  the  smaller  sizes  of  panels  is 
made  of  iron  pipe,  one  pipe  being  required  at  either  end  and  between 
each  two  panels.  Cast  iron  brackets  are  bolted  to  the  panel  near  the 
top  and  bottom  and  clamped  with  bolts  to  the  pipe.  To  the  bottom 
of  the  pipe  is  screwed  a  foot-piece,  which  can  be  bolted  to  the  floor 
or  to  a  channel  iron  base.  The  frame  work  for  larger  panels  is 
made  up  of  angle  iron  uprights,  to  which  the  panels  are  bolted  and 
which  are  in  turn  bolted  to  a  channel  iron  base  and  to  a  flat  iron  piece 
across  the  top.  This  construction  makes  a  very  rigid  frame  and  yet 
easily  handled  and  readily  adaptable,  as  a  panel  can  be  removed  from 
the  frame  and  replaced  or  changed,  or  the  frame  can  be  removed 
with  the  panel  if  no  longer  required.  The  bolt  holes  in  the  frame 
are  punched  with  a  jig  so  that  the  frame  pieces  for  any  particular 
type  of  board  are  strictly  interchangeable.  Strain  insulators  are 
provided,  into  which  are  screwed  rods  for  bracing  the  board  from 
the  wall  or  other  part  of  the  building. 

Bus-bars  and  other  connections  on  the  rear  of  the  panels,  which 
require  a  capacity  for  300  amperes  or  more,  are  made  of  hard 
drawn  copper  strap  one-eighth  by  three  inches  in  section  and  of  a 
high  standard  of  conductivity.  There  is  also  used  to  some  extent 
copper  strap  YgxijA  inches,  >^X4K'  inches,  and  >^x6  inches  in  sec- 
tion and  aluminum  strap  0.08x1  j,<  inches  and  0.2x3  inches,  the  latter 
having  the  same  conductivity  as  copper  strap  of  the  same  width. 
This  strap  is  readily  cut,  punched,  and  bent  as  required,  and  when 
several  are  used  in  multiple  they  are  spaced  for  ventilation  and  heat 
very  little  at  rated  loads.  All  switchboard  parts  and  connections 
which  carry  current  are  designed 
for  a  temperature  rise  of  less  than 
20  degrees  centigrade  at  their  nor- 
mal rating. 

The  small  wiring  at  the  back  of 
the  board  consists  of  No.  10  rub- 
ber covered  wire.  These  wires 
are  held  in  place  against  the  panel 
and  kept  at  uniform  distance  from 

'^  _  THREE    TYPE     K     AMMETERS     MOUNTED 

each  other  at  suitable  intervals  by  on  a  32-iNCH  panel 

porcelain  cleats.     The  cross  connections  between  panels  are  made 
at  the  bottom  of  the  board,  where  the  wires  are  securely  taped  to- 
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g^ether  and  supported  from  the  iron  frame  by  porcelain  clamps. 
Where  the  capacity  required  for  the  main  leads  is  less  than  300 
amperes,  rubber  covered  wire  of  suitable  size  is  used.  This  is  gen- 
erally stiff  enough  to  be  self-supporting  between  the  terminals,  but 
if  not,  it  is  supported  by  suitable  porcelain  insulators.  Round  copper 
rod  is  often  used  for  moderately  high  tension  alternating  current 
bus-bar,  when  located  immediately  behind  the  switchboard.  These 
bars  are  insulated  with  tubes  made  up  of  fuller  board  and  mica,  and 
are  supported  on  porcelain  line  insulators.  The  apparatus  on  the 
face  of  the  board  is  the  perfection  attained  by  practice,  as  the  panel 

designs  are  changed  whenever 
necessary  to  adapt  them  for 
the  use  of  new  or  improved 
apparatus.  The  apparatus  is 
designed  and  manufactured  to 
perform  its  rated  functions  ac- 
curately and  safely,  to  meet 
successfully  the  most  severe 
conditions  that  may  be  im- 
posed upon  it,  and  to  present 
a  handsome  appearance.  It  is 
usual  to  leave  the  current 
carrying  parts  of  switches,  cir- 
cuit breakers,  etc.,  in  their 
natural  color,  highly  polished.  All  metal  parts  of  apparatus  which 
are  not  polished  are  finished  in  black  japan.  The  polished  metal 
parts  may  be  nickel  or  copper  plated  or  given  a  dull  black  finish  with 
lacquer.  The  black  finish  is  the  most  serviceable  and  is  now  most 
commonly  used,  being  considered  the  standard. 


TWENTY-FOUR-INCH  PANELS  EQUIPPED  WITH 
1000  AND  3000  AMPERE  TYPE  D  SWITCHES, 
TYPE  E  AMMETERS,  AND  TYPE  E  VOLTMETER 
ON    SWINGING    BRACKET 


INSTRUMENTS 

The  switches  are  designated  as  Type  D,  and  a  complete  line 
of  them  from  25  to  3,000  amperes,  single  and  double  throw,  one, 
two,  three  and  four  pole,  ordinary  and  quick  break,  are  kept  in  stock. 
They  are  of  the  single  break,  unit  blade  type,  simple,  strong  and 
liberally  rated.  For  switchboard  use  they  are  rear  connected,  the 
panel  being  drilled  for  the  studs  and  two  dowel  pins  in  each  jaw 
block,  which  prevent  the  blocks  from  turning  and  getting  out  of 
alignment.  The  switches  are  held  in  place  by  means  of  washers 
and  nuts  screwed  on  the  studs  and  set  tightly  against  the  back  of  the 
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panel.  Each  switch  is  tested  at  its  rated  capacity  after  mounting, 
a  maximum  of  lo  to  12  miUivolts  drop  being  allowed  between  studs. 
If  it  is  necessary  to  make  the  stud  of  a  switch  longer  than  standard, 
an  adapter  is  used.  This  is  a  copper  rod  of  suitable  length  with 
right  and  left  hand  threads  and  a  brass  casting  similar  to  a  union, 
also  with  right  and  left  hand  threads.  This  is  a  simple  arrange- 
ment which  insures  good  contact  both  between  the  threaded  sur- 
faces and  between  the  end  surfaces  and  can  scarcely  be  loosened  acci- 
dentally. Standard  cast  brass  terminals  and  nuts  are  supplied  with 
each  stud  unless  other  sizes  or  methods  of  connection  are  specified. 

Circuit  breakers  of  two  kinds  are  used,  type  C  and  type  D. 
The  type  C  breaker  is  the  well-known  brush  type,  carbon  break  cir- 
cuit-breaker, the  required  capacity  being  obtained  by  using  a  suffi- 
cient number  of  unit  sections  of  the  brush.  The  bottom  stud  and 
a  part  of  the  iron  frame  of  the  breaker  form  an  electro-magnet, 
which  is  utilized  if  desired  to  open  the  breaker  automatically  on 
overload.  This  feature  can  be  adjusted  for  operation  at  any  point 
between  approximately  80  and  150  percent  of  the  rated  capacity  of 
the  breaker.  By  means  of  a  coil  mounted  behind  the  circuit  breaker, 
it  may  be  arranged  to  open  on  no  load,  no  voltage  or  reverse  current. 
This  type  of  circuit  breaker  is  made  in  capacity  from  200  to  10,000 
amperes,  single  throw,  and  one,  two,  three  and  four  pole. 

The  type  D  circuit  breaker  is  also  designed  with  brush  contact 
and  carbon  break,  single  throw,  and  one,  two,  three  or  four  poles. 
It  is  made  in  capacity  from  10  to  400  amperes  and  is  opened  auto- 
matically by  means  of  a  series  or  shunt  coil,  like  the  type  C  breaker, 
under  similar  conditions.  It  is  a  lighter,  more  simple  and  more 
compact  breaker  than  the  type  C  for  similar  capacities.  It  is  ad- 
visable to  keep  all  circuit  breakers  closed  when  not  in  use  to  prevent 
dirt  from  collecting  on  the  brushes. 

Direct  current  meters  are  made  in  four  types  designated  as 
,types  D,  E,  H  and  K.  Type  K  meters  are  used  on  the  small  boards, 
the  ammeters  operating  from  a  series  coil  of  the  main  circuit  within 
the  meter.  They  are  dead  beat  and  have  a  nearly  uniform  scale. 
Types  D,  E  and  H  are  strictly  dead  beat,  have  uniform  scales,  and 
are  guaranteed  accurate  to  within  two  percent.  The  ammeters  operate 
from  German  silver  shunts  in  the  main  circuit.  The  voltmeters  of 
capacity  greater  than  150  volts  have  resistance  in  series  with  their 
windings.  Types  D  and  K  are  round  meters,  type  E  has  a  long 
illuminated  dial  above  the  round  part  of  the  meter,  and  type  H  is 
rectangular  with  vertical  edgewise  scale. 
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Alternating  current  meters  are  made  in  four  types,  designated 
as  types  F,  G,  I  and  K.  The  type  K  meters  are  the  same  as  the 
direct  current  type  K.  Types  F,  G  and  I  correspond  to  the  other 
dircct-ciu-rcnt  meters,  are  strictly  dead  beat  and  are  accurate  within 
two  percent.  The  type  G  meters  have  illuminated  dials  and  type  1 
meters  are  of  the  vertically  edgewise  style. 

The  type  F  is  the  well-known  long  scale  meter,  the  scale 
extending  through  an  arc  of  300  degrees,  permitting  excep- 
tionally easy  and  accurate  reading.  Current  coils  are  connected 
directly  in  circuits  of  five  amperes  and  400  volts  or  less,  and  poten- 
tial coils  are  connected  directly  across  circuits  of  150  volts  or  less. 
In  all  other  cases  series  and  shunt  transformers  are  used.  Standard 
series  transformers  are  designed  for  a  primary  current  equal  to  the 
rated  load  of  the  circuit  and  for  a  secondary  current  of  five  am- 
peres at  rated  load.  Standard  shunt  transformers  are  designed  for 
the  line  potential  on  the  primary  and  100  volts  on  the  secondary. 
Transformers  for  10  ampere  or  for  200  volt  secondaries  are  also 
occasionally  used.  Series  transformers  are 
built  of  four  types,  all  being  dry  insulated. 
The  return  type  and  the  through  type  have 
primary  windings  of  wire  or  strap  and 
secondary  windings  of  wire,  all  leads  of  the 
former  being  at  the  same  end,  one  primary 
and  one  secondary  lead  being  at  each  end  of 
the  latter  so  that  they  may  be  connected  in 
the  circuit  without  making  loops  in  the 
wiring.  The  stud  type  and  bus-bar  type 
are  designed  for  capacities  of  600  amperes 
jr  more  with  a  primary  of  one  turn,  which 
is  the  straight  stud  or  bus-bar.  These  trans- 
transformers  have  holes  of  suitable  size  anc] 
shape  to  slip  over  the  primary,  to  which 
they  are  lightly  clamped  to  prevent  turning 
or  slipping.  Shunt  transformers  are  made 
dry  type  for  primary  voltages  up  to  6.000 
volts  and  oil  insulated  for  higher  voltages. 

Other  alternating  current  meters  are  made  which  correspond  in 
size  and  appearance  to  the  type  F  meters.  There  are  four  types  of 
synchroscopes   using  two  diflferent  principles  of  operation.     This. 


REAR  VIEW  OF  PANELS, 
SHOWING  FRAME  WORK, 
COPPER  STRAP  BUS  B.\RS. 
ADAPTERS  AND  TERMINALS 
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FOUR   TYPE   F    AMMETERS    MOUNTED    ON    A    32- 
INCH      PANEL.        TYPE      F      VOLTMETER 
MOUNTED   ON    SWINGING    BRACKET 


however,    is   not   within   the   scope   of   the   present   paper.      These 
may    be    made    with    polyphase    connections,    but    preferably    are 

adapted  for  single  phase  con- 
nections, which  are  more  sim- 
ple. Types  A  and  B  corre- 
spond in  size  and  appearance 
to  the  type  F  meters,  but  types 
C  and  D  have  dials  i6  and  36 
inches  in  diameter  respectively 
and  have  both  dials  and 
pointer  illuminated  with  incan- 
descent lamps,  so  that  by  day 
or  night  they  can  be  readily 
seen  by  the  engineman  as  well 
as  by  the  switchboard  opera- 
tor. Frequency  meters  when 
used  on  circuits  exceeding  100  volts  are  connected  to  shunt 
transformers  and  indicate  the  effective  frequency  rather  than 
the  actual  number  of  alternations.  Power-factor  meters  are  poly- 
phase meters  and  operate  from  the  same  series  and  shunt  trans- 
formers as  the  other  instruments.  They  are  a  very  high-class  instru- 
ment and  indicate  accurately  the  power-factor  of  either  a  leading 
or  lagging  current  or  the  reversal  of  power  in  the  circuit..  Static 
ground  detectors  for  single,  two  or  three-phase  circuits  indicate 
the  presence  and  extent  of  a  ground  on  either  line.  They  are  con- 
nected to  the  circuit  through  condensers,  but  are  essentially  a  high 
tension  instrument  and  should  not  be  mounted  on  a  switchboard 
where  all  the  other  wiring  is  low  tension  or  control  wiring,  as  in 
electrically  or  distant  controlled  equipments.  Indicating  wattmeters 
of  this  same  type  and  high  class  are  made  and  used  with  the  same 
transformers.  Integrating  wattmeters  are  of  different  form,  but 
have  similar  connections  and  register  accurately  to  within  two  per- 
cent. 
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A    TRIBUTE    FROM    THE    ELECTRIC    CLUB. 


BERTRAND  BUHRE  ABRV  was  born  October  6th,  1876, 
and  spent  his  early  years  in  the  cities  of  Cheyenne  and 
Denver.  He  began  his  engineering  education  at  the  Uni- 
versity of  Nebraska,  which  he  attended  from  1895  until  1899,  when 
he  left  that  university  in  order  to  complete  his  undergraduate 
studies  at  the  University  of  Illinois,  from  which  he  received  the 
degree  of  Bachelor  of  Science  in  Electrical  Engineering  in  1900. 
In  the  summer  of  the  same  year  he  entered  the  service  of  the  West- 
inghouse  Electric  &  Manufacturing  Company  as  an  apprentice, 
working  in  the  factory  for  two  years.  In  1902  he  entered  the 
engineering  department,  devoting  his  attention  to  railway  work. 
He  died,  after  a  short  illness,  on  Monday,  October  31,  1904,  at 
the  very  threshold  of  a  promising  engineering  career. 

His  death  brings  to  us  as  members  of  The  Electric  Club  a  duty 
and  a  privilege ;  the  duty  of  testifying  to  the  value  of  his  work  in 
The  Electric  Club,  and  the  privilege  of  offering  to  his  memory  our 
appreciation  of  the  true  worth  and  wholesome  influence  of  his 
character. 

We  have  all  known  Abry  in  his  work  with  us  and  for  us  m 
The  Electric  Club ;  first  as  leader  of  a  section,  then  as  chairman 
of  the  Section  Committee,  and  finally  as  President.  His  work  was 
characterized  by  the  enthusiasm,  the  energy  and  the  patience  of 
those  who  love  their  task ;  it  was  directed  by  clear  thinking ;  it  was 
made  doubly  effective  by  his  ability  to  impart  his  own  enthusiasm 
to  those  with  whom  he  worked.  The  well-defined  progression  in 
the  value  and  importance  of  his  service  to  the  club  was  to  a  marked 
degree  the  direct  result  of  those  equally  well-defined  characteristics 
of  his  work. 

We  have  also  known  Abry  as  an  engineer.  His  work,  before 
we  knew  him,  had  won  the  respect  and  admiration  of  his  instruc- 
tors. He  possessed  an  engineering  mind ;  this,  combined  with  a 
love  of  hard  work  and  a  determination  to  get  things  right  no  matter 
what  the  cost,  made  his  work  not  only  rich  in  achievement  but  full 
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of  promise.     In  the  words  of  one  his  older  associates :     "He  was 
one  of  the  most  promising  of  our  young  engineers." 

Some  of  us  have  had  the  privilege  of  knowing  Abry  as  a 
friend.  His  ability  won  our  respect — the  foundation  of  friendship; 
his  sincerity,  his  content  to  be  himself,  his  moral  wholesomeness, 
ripened  respect  into  friendship — a  friendship  to  be  cherished.  While 
those  who  knew  him  best  have  lost  most,  the  whole  community  has 
suffered  by  having  Abry  taken  from  it.  The  world  needs  men  of 
such  character;  simple  and  unassuming,  yet  strong-  in  individuality 
and  uprightness. 


OPPORTUNITIES  OF  THE  APPRENTICESHIP 
COURSE 

A    LECTURE    BEFORE    THE    ElECTRIC    ClUB 

By   W.   A\.   MCFARLAND 
Acting  Vice  President  of  tlie  Wesiingliouse  Electric  &  Mfg.  Co. 

I  DO  not  know  whether  you  look  upon  it  as  such,  but  the  fact 
is  that  the  apprenticeship  course  is  in  reaHty  a  post-graduate 
course  supplementing  the  theoretical  training  3^ou  obtained  in 
the  colleges  and  universities.  You  have  acquired  an  acquaintance 
with  the  general  principles  governing  engineering,  and  you  now 
have  the  opportunity  of  acquiring  intimate  practical  knowledge  of 
the  various  details  of  the  manufacture  of  electrical  machinery. 
The  course  has  been  planned  with  a  view  to  giving  the  broadest 
general  acquaintance  with  this  practical  work,  and  not  with  the 
idea  of  making  skilled  handicraftsmen.  The  education,  therefore, 
is  that  of  the  mind  and  not  of  the  hand. 

I  cannot  too  strongly  emphasize  the  opinion  held  by  us  older 
men,  that  the  apjjrenticeship  course  offers  an  unusual  opportunity 
of  which  thorough  advantage  should  be  taken  by  the  appren- 
tices. It  is  not  exaggerating  at  all  to  say  that  you  have  an  oppor- 
tunity for  which  man}'  older  practicing  engineers,  if  it  were  prac- 
ticable, w^ould  gladly  pay  a  large  sum  to  enjoy.  There  is  no  other 
way  of  getting  an  intimate  practical  acquaintance  with  machinery 
,than  by  daily  contact  with  it  in  the  shop  as  it  is  built.  I  want 
to  urge  upon  you,  therefore,  not  to  neglect  this  splendid  oppor- 
tunity, but  utilize  it  to  the  fullest  extent,  even  if  you  yourselves 
do  not  at  present  realize  how  great  it  is.  Experience  will  prove 
to  you  later  on,  that  I  am  understating  rather  than  overstating  the 
opportunities  which  now  lie  before  you. 

It  is  to  be  remembered  also  that  in  a  great  technical  business 
like  ours  it  is  getting  to  be  more  and  more  the  case  that  all  the 
higher  positions  must  be  filled  by  technically  trained  men.  Even 
at  the  present  time  almost  every  one  of  our  designing  engineers  is 
a  graduate  of  the  apprenticeship  course;  the  same  is  true  nearly 
to  the  same  extent  of  the  correspondence  departments ;  and  it  is 
getting  to  be  more  and  more  true  every  day  of  the  sales  depart- 
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nient.  The  engineers  of  the  construction  department  are,  of 
course,  ahniost  without  exception,  graduated  apprentices.  While 
none  of  the  present  executive  officers  are  graduates  of  the  appren- 
ticeship course,  they  are  all  technical  men.  I  am  emphasizing  this 
point  to  show  you  that  your  outlook  upon  the  completion  of  the 
course  is  a  bright  one.  and  that,  whatever  your  special  aptitude, 
there  is  almost  sure  to  be  an  opportunity  for  you  to  utilize  it  to 
advantage. 

]\Iy  personal  acquaintance  with  a  number  of  young  men  who 
have  gone  through  the  apprenticeship  .course  has  led  me  to  note 
that  occasionally  some  are  inclined  to  question  the  importance  of 
what  they  consider  the  drudgery  of  certain  sections  of  the  w^orks, 
and  their  anxiety  seems  to  be  to  hasten  through  all  other  sections 
into  the  dynamo  testing  department,  where  the  work  is  compar- 
atively clean  and  easy.  Now,  in  my  judgment,  there  can  be 
no  greater  mistake  than  this.  The  work  of  the  dynamo  testing 
department  is,  of  course,  very  important,  but,  after  all,  the  same 
kind  of  information,  though  not  in  so  great  a  degree,  can  be 
acquired  elsewhere.  The  knowledge  and  experience  of  the  details 
of  manufacture  which  are  obtained  by  conscientious  work  in  other 
sections  of  the  factory  cannot  possibly  be  obtained  in  any  other 
way. 

In  what  I  said  a  moment  ago  about  openings  for  the  future, 
I  did  not  speak  of  the  works  themselves,  but  I  know  it  is  the  be- 
lief of  some  of  our  management,  in  which  I  concur,  that  the  higher 
works  positions  oflfer  a  fine  field  for  the  technically  educated  man. 
There  must  be  some  among  you  to  whom  work  of  this  kind  will 
prove  very  attractive,  so  that  if  this  is  the  case  you  should  pay  even 
more  attention  to  processes  as  you  go  through  the  shop  than  if 
your  aim  were  to  go  into  the  selling  department  or  some  other 
branch.  In  other  words,  for  the  average  man  who  does  not  ex- 
pect to  stay  in  the  shop,  what  he  is  most  anxious  to  learn  is  zvhat 
is  done  in  the  manufacture  of  the  machines  rather  than  how,  while 
the  shop  man  is  perhaps  more  interested  in  knowing  the  hozv 
tlian  the  ivJmt. 

For  more  than  one  reason  I  urge  you  to  keep  your  eyes  open 
and  observe  carefully  everything  that  is  going  on  about  you,  in- 
cluding details  of  shop  discipline,  shop  methods,  etc.  Whether  you 
make  your  career  with  us  or  go  elsewhere,  the  time  will  probably 
come  when  you  will  occupy  an  administrative  position  of  some  kind, 
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and  then  the  information  you  have  gained  of  administrative  methods 
will  be  of  great  value  to  you.  The  question  of  cost  of  manufac- 
ture as  affected  by  the  speed  at  which  tools  are  driven,  the  new 
and  improved  tool  steels  that  have  been  recently  introduced,  the 
relative  advantages  of  driving  by  single  motors  and  in  groups, 
these  and  many  other  questions  of  shop  methods  are  important  to 
many  officials  of  an  organization  other  than  those  actually  in  the 
works.  You  now  have  the  chance  to  make  yourselves  well  acquainted 
with  all  these  points,  and  }'ou  will  make  a  great  mistake  if  you 
allow  this  opportunity  to  go  unimproved.  Besides  the  actual  in- 
formation gained  you  will  be  training  your  powers  of  observation, 
and  this  is  a  most  important  matter.  If  time  permitted  I  could  tell 
you  a  number  of  very  amusing  stories  respecting  mistakes  that  are 
made  from  careless  observation.  My  experience  has  shown  me 
that  young  men  are  apt  to  pay  much  more  attention  to  the  details 
of  working  out  the  results  of  observation  than  to  the  observations 
themselves.  Of  course  a  little  reflection  shows  that  the  most  im- 
portant thing  of  all  is  accuracy  of  observation,  and  you  should 
take  every  opportunity  to  train  your  powers  of  observation  so  as 
to  make  them  thoroughly  efficient. 

Another  opportunity  of  the  apprenticeship  course  which  will 
never  come  to  you  again  in  life  after  you  have  passed  to  a  higher 
position,  is  that  of  acquiring  from  intimate  personal  association  with 
workmen  their  personal  point  of  view.  I  think  we  must  all  realize 
that  in  questions  of  administration  and  discipline  it  is  a  tremendous 
advantage  to  the  manager  to  be  able  to  appreciate  thoroughly 
the  point  of  view-  taken  by  his  men.  Too  often  his  only  method 
of  doing  so  is  to  attempt  to  put  himself  in  their  place  and  realize 
how  they  would  look  at  things.  In  the  apprenticeship  course  you 
work  with  them  side-by-side,  have  a  chance  to  become  friends  with 
them  and  to  learn  from  them  what  they  really  think.  We  know 
from  actual  experience  the  objections  put  forward  by  labor  agita- 
tors to  piece-work,  the  premium  system  and  practically  all  methods 
of  maximum  production.  I  think  most  managers  believe  that  this 
view  is  not  shared  by  a  majority  of  workmen,  and  indee.d  is  dis- 
tinctly opposed  to  the  views  of  the  best  and  most  progressive  men. 
There  is  also  the  question  of  the  morale  among  men,  as  to  such 
questions  as  loafing,  limiting  the  amount  of  work  to  be  done,  etc. 
A  manager  finds  it  almost  impossible  to  got  the  real  feeling  of  the 
men    on   these   points,   but   you    from    your   daily    association    with 
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them  and  observation  of  the  way  they  actually  behave,  can  acquire 
information  which  will  be  of  the  greatest  possible  value  to  you  later 
on  in  life  when  you,  in  turn,  come  to  occupy  positions  of  respon- 
sibility. 

It  will  not  be  necessary  for  all  of  you,  but  to  some  I  would 
say,  do  not  be  discouraged  by  hard  work  and  small  pay  at  the  be- 
ginning of  your  active  life.  It  is,  of  course,  a  tremendous  change 
from  the  relative  freedom  of  college  life  to  the  daily  routine  of  a 
manufacturing  establishment,  and  it  seems  all  the  harder  from  the 
necessity  for  buckling  down  to  hard  work  and  long  hours.  Re- 
member, however,  that  this  part  of  the  work  is  only  for  a  few 
years,  and  it  is  worth  while  to  go  through  this  training  for  the 
sake  of  the  immense  benefits  which  come  from  it.  As  respects  the 
matter  of  pay,  it  is  well  to  remember  that  in  England,  so  far  from 
young  men  who  are  in  the  shop  to  learn  the  details  of  the  business 
receiving  any  compensation,  they  have  to  pay  considerable  sums, 
from  $500.00  to  $1,000.00  per  annum,  to  have  the  privilege. 

Just  a  word  of  caution  and  also  encouragement  with  respect 
to  some  general  matters.  You  have  now  begun  your  real  life  work 
and  will,  day  by  day,  be  building  up  a  reputation.  It  is  most  im- 
portant therefore,  that  you  should  form  habits  of  conscientious 
attention  to  duty,  zeal  and  industry.  These  are  of  the  greatest 
possible  importance  to  success  in  life,  and  obviously  habits  are  only 
acquired  by  constant  practice.  Do  not  make  the  mistake  of  think- 
ing that  because  the  work  which  you  are  now  doing  puts  you  in 
a  subordinate  and  unimportant  position  that  it  makes  no  differ- 
ence whether  you  do  it  cheerfully,  zealously  and  intelligently.  The 
habits  which  you  form  now  will  have  a  decisive  effect  upon  your 
success  in  after  life,  and  if  you  allow  yourself  to  become  indifferent 
and  negligent,  success  will  be  impossible.  I  believe  that  it  should 
be  every  young  man's  motto  to  do  the  work  right  at  hand  as  well 
as  he  knows  how.  Do  not  allow  yourself  to  dream  of  what  you 
would  do  if  you  only  had  an  opportunity  to  do  important  things, 
to  the  detriment  of  the  simple  and  unimportant  work  which  is  as- 
signed to  you.  It  is  safe  to  say  that  such  dreamers  never  have  the 
opportunity  of  doing  the  greater  things  which  they  imagine  would 
arouse  their  interest. 

Many  persons  not  connected  with  the  Westinghouse  interests 
have  commented  upon  the  fine  esprit  de  corps  that  obtains  among 
the  representatives  of  the  various  companies.     I  hope  that  you  will 
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all  speedily  become  imbued  with  this  spirit.  Doubtless  one  cause 
for  this  is  the  personality  of  the  remarkable  man  who  has  founded 
these  great  industries.  He  is  to-day,  I  believe,  the  only  great  cap- 
tain of  industry  who  is  actively  at  the  head  of  the  works  which  he 
has  built  up.  History  shows  that  enthusiasm  is  much  more  easily 
aroused  by  a  striking  personality  that  by  an  abstract  principle.  I 
am  sure,  therefore,  that  you  will  all  consider  it  of  particular  ad- 
vantage to  be  enrolled  among  those  who  follow  the  leadership  of 
Mr.  Westinghouse.  Of  course  it  is  impossible  for  any  man  who 
counts  more  than  20,000  people  among  his  employees  to  be  person- 
ally acquainted  with  even  a  small  fraction  of  them,  but  it  is  never- 
theless true  that  Mr.  Westinghouse  does  take  an  interest  in  all 
that  goes  on  and  is  on  the  lookout  for  specially  able  men.  Some 
of  you  are  undoubtedly  destined  in  the  future  to  occupy  very  high 
places  in  the  company's  organization  and  to  become  personally 
acquainted  with  him.  It  certainly  would  be  a  most  laudable  am- 
bition for  every  one  of  you  so  to  conduct  himself  that  he  might 
hope  to  be  counted  as  one  of  the  men  who  was  regarded  by  our 
chief  as  destined  to  become  one  of  the  leaders. 
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E.   H     DEWSON 

DETAILS  OF  THE  STRAIGHT  AIR  BRAKE 

TJ  IE  efficiency  and  economy  of  the  brake  depend  in  no  small 
degree  on  the  design  and  arrangement  of  details  such  as  the 
cab  equipment,  the  reservoirs,  the  brake  cylinders,  etc.  The 
object  of  all  improvements  along  this  line  has  been  to  reduce  the 
amount  of  air  needed  to  stop  the  car,  and  to  apply  this  air  with  a 
minimimi  of  wear  and  tear  on  the  brake  itself  and  on  the  running 
gear  of  the  car.  The  increasing  attention  given  to  the  small  parts 
of  the  air  brake  system,  for  the  purpose  of  getting  greater  economy 
in  the  use  of  air,  is  one  of  the  many  signs  of  recent  progress  in 
electric  railroading. 

One  of  the 'first  portions  of  the  brake  of  which  careful  study 
was  made  was  the  operating  valve,  by  which  the  motorman  applies 
and  releases  the  brake.  The  operating  valves  now  in  use  w^ith 
straight  air  brakes  may,  for  the  purpose  of  discussion,  be  divided 
into  two  classes :  rotary  valves  and  slide 
valves.  The  most  common  valve  of  the 
rotary  type  is  that  used  with  the  Chris- 
tcnsen  straight  air  brake  equipment,  illus- 
trated in  Fig.  4. 

This  valve  consists  essentiall}-  of  a 
seat  about  two  inches  in  diameter,  witii 
three  ports  leading,  in  the  order  men- 
tioned, to  the  main  reservoir  pipe,  the 
brake  cylinder  pipe  and  the  exhaust.  This 
seat  is  covered  by  a  short  cylindrical 
valve  having  in  its  under  face  two  ports 
which  are  joined  in  the  interior.  When 
the  handle  is  at  the  exereme  right  of 
its  travel  the  cylinder  the  main  reser- 
voir ports  are  connected,  and  both  being  wide  open,  an  emergency 
application  of  the  brakes  is  obtained.  Movement  of  the  handle 
to  the  left  reduces  the  size  of  these  port  openings  until  they  are 
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finally  closed,  when  the  valve  is  in  lap  position  in  which  there 
is  no  connection  between  any  of  the  ports.  A  further  movement 
to  the  left  connects  the  exhaust  and  brake  cylinder  ports,  thereby 
permitting  the  escape  of  any  com- 
pressed air  previously  admitted  to 
the  brake  cylinder.  The  greatest  ad- 
vantage of  the  rotary  type  of  operat- 
ing valve  lies  in  its  low  first  cost. 
The  principal  disadvantage  is  that  the 
lubricating  oil  does  not  distribute  it- 
self uniformly  over  the  seat ;  the  valve 
gets  dry  and  then  operates  very  hard, 
which  necessitates  taking  the  device 
apart  for  cleaning  and  oiling.  Fur- 
thermore, owing  to  the  unequal  travel 
of  the  particles  situated  at  varying  dis- 
tances from  the  center  of  rotation  the 
surfaces  of  this  valve  do  not  wear 
uniformly,  and  require  frequent  re- 
grinding  to  keep  them  tight.  The 
operating  handle  of  the  valve  is  so  designed  that  it  can  only  be 
removed  when  the  valve  is  in  lap  position  w^ith  all  ports  closed. 

The  slide  valve  type  of  operating  valve  is  considerably  more 
expensive  than  the  rotary  valve,  but  the  cost  of  maintenance  is 
practically  nothing,  as  with  it  both  the  above  mentioned  difficul- 
ties are  overcome.  The  interior  construction  of  this  type  of  valve 
is  illustrated  in  Fig.  5,  which  shows  the  device  with  a  portion  of 
the  outer  casting  cut  away.  The  mechanism  consists  essentially 
of  a  plain  slide  valve  operated  by  a  rack  and  pinion  and  having 
in  its  face  a  suitable  cavity  arranged  to  connect  the  brake  cylinder 
port  at  the  right  with  the  exhaust  at  the  left  w'hen  the  handle  is 
in  release  position.  In  application  position  the  slide  valve  is 
Tiioved  to  the  left,  thereby  uncovering  the  brake  cylinder  port.  The 
Westinghouse  Company  has  two  forms  of  this  type  of  operating 
valve,  one  with  a  gauge  mounted  directly  on  the  head  of  the  valve, 
the  other  used  with  a  detached  gauge.  The  removable  operating 
handle  of  these  valves  fits  into  its  socket  through  a  slot  just  below 
the  top  plate  and  swings  through  an  arc  of  about  130  degrees 
from  the  release  position  at  the  extreme  left  to  the  emergency 
position  at  the  extreme  right.     This  handle  can   onlv  be  inserted 
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or  removed  when  the  valve  is  in  lap  position,  with  all  ports  closed 
When  removed,  the  operating  mechanism  is  locked  by  a  sprin; 
bolt  and  can  only  be  turned  again  on  the  insertion  of  the  operatin; 
handle.  The  principal  advantage  of  the  slide  valve  type  of  oper 
ating  valve  is  that  it  wears  itself  into  place,  continually  finding  it 
own  seat  without  the  necessity  of  grinding. 


FIG.    5 — SniCTIOXAL    VIEW    OF    AN    OPER.\TING    VALVE    OF    THE 
SLIDE    VALVE    TYPE 


A  good  operating  valve  for  the  straight  air  brake  should  be  o 
a  design  that  will  enable  a  niotorman  of  ordinary  skill  and  intelii 
gence  to  manipulate  the  brake  smoothly  and  without  fear  of  it 
failing  to  produce  the  desired  effect.     It  will  secure  the  best  brak 
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ing-  results  with  the  least  amount  of  air,  and  it  will  be  durable  and 
easy  to  maintain.  It  is  possible  to  apply  and  release  the  straight 
air  brake  by  means  of  an  ordinary  three  way  cock.  But  aside 
from  the  resultant  waste  of  air  it  would  be  an  impossibility  to 
secure  uniform,  smooth  and  regular  stops,  and  the  wear  and  tear 
on  trucks  and  running  gear  from  the  shocks  and  jars  that  would 
follow  every  application  of  the  brake  would  render  such  a  crude 
device  quite  impracticable. 

The  various  positions  of  the  operating  handle  should  be  clearly 
and  definitely  indicated  to  the  sense  of  touch,  so  that  the  motor- 
man  will  know  just  when  he  has  reached  each  separate  position 
of  the  valve  without  looking. 

Cut-out  cocks  should  invariably  be  placed  in  the  pipe  line 
below  each  air  brake  operating  valve  so  that  it  may  be  removed 
in  case  of  emergency  or  without  delay  or  the  loss  of  air.  The  ex- 
haust from  the  operating  valve  should  always  be  discharged  through 
a  muffler,  in  order  to  avoid  the  disagreeable  noise  caused  by  air 
escaping  under  pressure. 

An  important  portion  of  every  straight  air  brake  equipment 
is  the  gauge  provided  in  the  cab  to  indicate  to  the  motorman  the 
air  pressure  at  his  command.  The  best  practice  requires  the  use 
of  a  duplex  gauge  showing  not  only  the  main  reservoir  pressure 
but  also  that  in  the  brake  cylinder.  A  knowledge  of  the  amount  of 
air  he  is  using  for  each  application  is  of  considerable  value  to  the 
careful  and  intelligent  motorman  in  aiding  him  to  economize  in 
the  use  of  air.  The  gauge  should  invariably  be  placed  in  such  a 
position  that  it  will  always  be  where  the  motorman  can  see  it 
easily  and  without  turning  his  head. 

Another  form  of  operating  valve  shown  in  Fig.  6  has  a 
duplex  gauge  mounted  on  its  head  and  covered  by  heavy  glass, 
suitably  protected.  The  gauge  is  therefore  constantly  under  the 
eye  of  the  operator,  making  it  unnecessary  for  him  to  look  up  or 
turn  his  head  in  a  more  or  less  awkward  position.  A  reliable 
gauge  properly  located  removes  any  excuse  for  not  instantly 
knowing,  in  case  of  an  emergency,  how  much  air  is  available.  If 
the  gauge  is  not  mounted  on  the  head  of  the  operating  valve  it 
should  be  mounted  as  close  thereto  as  possible.  On  cars  that  oper- 
ate at  night  an  illuminated  gauge  is  sometimes  used. 

The  important  factors  in  computing  the  size  of  reservoir  for 
straight  air  brake   equipment   were  mentioned   in   the  first  article 
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of  this  series,  Imt  it  will  be  well  to  add  here  a  caution  that  care 
should  be  taken  invariably  to  specify  a  reservoir  of  a  size  suffi- 
cient to  store  the  requisite  amount  of  air,  not  only  for  the  brakes 
but  for  any  air  operated  auxiliaries  which  the  compressor  is  to 
supplv.  The  larg^er  the  main  reservoir  used,  the  less  often  will 
the  compressor  be  cut  into  action.  There  will  consequently  be  a 
reduction  in  the  amount  of  wear  on  both-  compressor  and  gov- 
ernor, antl  a  lower  total  current  consumption  owing-  to  the  well- 
known  relation  which  the  starting  current  of  a  motor  bears  to  its 
running  current.  The  main  reservoir  should  invariably  be  pro- 
\ided  with  a  safety  valve  to  preclude  the  possibility  of  overcharg- 
ing and  to  protect  the  motor  compressor  from  being  operated 
against  .too  high  a   pressure   in  case  the  governor   should   fail   to 

cut  it  out  of  operation. 

The  standard  brake  cylinder 
adopted  by  all  the  air  brake  com.- 
panies  has  a  stroke  of  twelve  inches 
and  a  diameter  varying  with  the 
weight  of  the  car.  The  size  of  the 
brake  cylinder  should  be  determined 
with  reference  to  the  total  light 
weight  of  the  car,  including  trucks 
and  motors,  and  in  accordance  with 
formulas  that  will  be  discussed  in  a 
later  article  dealing  with  the  sub- 
ject of  brake  leverage.    The  levers 


constituting     the      brake      rigging 


FIG.    6 SLIDE    VALVE    OPERATING    VALVE 

WITH    ATTACHED    GAUGE. 


should  be  so  adjusted  that  the  piston 
travel  does  not  exceed  from  six  to 
seven  and  a  half  inches.  The  distance  which  the  brake  cyHnder 
piston  is  forced  outward  in  applying  the  brake  upon  a  car  that 
is  standing  still  is  spoken  of  technically  as  standing  travel.  The 
distance  which  the  piston  is  forced  outward  in  applying  the  brake 
on  a  moving  car  is  technically  termed  running  travel.  Standing 
travel  should  be  adjusted  to  about  six  inches  in  the  case  of  a 
brake  cylinder  with  twelve  inches  stroke.  Running  travel  is  al- 
ways greater  than  standing  travel  owing  to  slack  in  loose- 
fitting  brasses,  shoes  pulling  down  on  the  wheels,  lost  motion  be- 
tween the  boxes  and  the  pedestals,  and  numerous  other  causes  that 
•">  to  increase  slack  in  a  brake  rigging  under  the  influence  of  the 
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motion  of  the  car.  If  standing  travel  be  adjusted  to  six  inches, 
running  travel  under  ordinary  conditions  will  be  about  seven  and 
one-half  inches. 

A  great  many  methods  have  been  devised  for  automatically 
securing  the  uniform  adjustment  of  piston  travel  on  cars  equipped 
with  air  brakes,  with  the  object  of  economizing  in  the  quantity  of 
air  used,  of  securing  uniform  braking  effect  and  of  saving  the 
labor  of  hand  adjustment.  These  devices  are  of  widely  different 
types,  varying  from  special  and  intricate  designs  of  brake  rigging 
to  the  use  of  a  small  auxiliary  brake  cylinder  that  takes  up  the 
slack  in  the  rigging  before  air  is  allowed  to  pass  into  the  main 
cylinder.  Fig.  7  shows  a  slack  adjuster  which  is  widely  used  in 
electric  railway  practice.  It  was  originally  brought  out  for  use 
with  the  automatic  air  brake  on  steam  railway  cars,  and  auto- 
matically maintains  a  predetermined  running  travel.  This  device 
consists  essentially  of  a  small  cylinder  connected  by  piping  to  the 
air  brake  cylinder  at  a  point  such  that  no  air  can  enter  this  pipe 
until  the  piston  of  the  brake  cylinder  has  traveled  beyond  the  en- 
trance of  the  pipe.  Assuming,  for  instance,  that  seven  and  one- 
half  inches  has  been  determined  as  the  limit  of  running  piston 
travel,  air  can  flow  from  the  brake  cylinder  into  the  slack  adjuster 
cylinder  as  soon  as  the  piston  of  the  brake  cylinder  has  passed  the 
pipe  connection  made  at  the  seven  and  one-half  inch  point.  The 
admission  of  air  to  the  cylinder  of  the  slack  adjuster  operates  a 
ratchet,  which,  by  means  of  a  screw,  draws  the  end  of  one  of  the 
brake  levers  away  from  the  brake  cylinder,  thus  taking  up  all  slack 
beyond  that  originally  provided  for  proper  shoe  clearance.  The 
saving  of  air  effected  by  means  of  this  device  will  easily  be  recog- 
nized when  one  stops  to  consider  the  amount  of  air  that  v/ould 
otherwise  be  used  to  force  the  piston  of  the  brake  cylinder  through 
an  extra  three  or  four  inches  in  order  to  take  up  the  lost  motion 
in  the  brake  rigging  and  running  gear. 

Air  operated  auxiliaries  on  electric  cars  arc  often  specified 
without  reckoning  on  the  amount  of  air  required  for  their  oper- 
ation, it  being  assumed  that  the  brake  compressor  can  supply 
these  also.  The  installation  of  such  pneumatic  devices  then  results 
invariably  in  unsatisfactory  operation  of  brake,  compressor  and 
auxiliaries. 

With  the  introduction  of  heavy  rolling  stock  and  high  speeds 
in  electric  railway  practice  the  use  of  air  whistles  instead  of  gong.-; 
lias  become  quite  general.     The   usual   whistle  set   for  a   straight 
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air  brake  equipment  consists  of  a  whistle  valve  and  a  cut-out  cock- 
in  addition  to  the  whistle  itself.     The  best  whistles  are  adjustable 
for  the  pressure  necessary  to  secure  the  required  tone  and  will  stand 
also    a    considerable    rang-c 
of  pressure  without  chanQ- 
ing-  tone.     A  whistle  set  to 
blow    clear    at    50    pounds 
will     o-ive     practically     the 
same  tone  at  ten  or  twenty 
pounds  above  or  below  this 
pressure. 

The  tendency  among 
motormen  is  generally  to- 
ward an  extravagant  use 
of  the  whistle,  and  in  the 
interest  of  economy,  it  is 
advisable  to  take  every  pre- 
caution against  it.  For 
this  reason  the  best  prac- 
tice does  not  commend 
placing  the  whistle  valve 
under  the  platform  to  be 
operated  by  the  motorman's 
foot.  This  invariably  leads 
to  a  waste  of  air. 

When  the  installation 
of  whistles  on  a  car  is 
contemplated,  a  careful  es- 
timate should  be  made  of 
the  amount  of  air  that  it 
will  be  necessary  to  provide 
for  this  purpose.  This  de- 
pends on  the  size  of  the 
whistle,  the  desired  length 
of  signal  blasts  and  the 
frequency  with  which  the 
whistle    will     have    to    be 

used.     It  will  not  infrequently  be  found  that  the  amount  is  so  great 

asjo  require  the  installation  of  a  larger  compressor.     In  New^Eno-- 

—     ^vhere  signals   are   so   frequent   owing  to   numerous   station. 
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and  road  crossings,  there  are  electric  cars  in  service  to-day  with 
whistles  of  such  a  size,  that  the  amount  of  air  used  for  whistling 
greatly  exceeds  that  used  for  braking. 


5233i»yy 


PARTS  OF  A  ROTARY  OPERATING  VALVE. 


There  are  many  other  pneumatic  auxiliaries  used  on  electric 
cars  to-day,  and,  as  a  rule,  these  require  a  great  deal  of  air  for 
their  operation  as  compared  with  that  necessary  for  the  brake 
proper.  Pneumatic  sanders,  air  operated  trolley  retrievers,  plat- 
form gates,  pneumatic  control  apparatus,  and  systems  for  m.ain- 
taining  a  water  pressure  to  the  lavatories,  are  all  in  use  on  modern 
electric  cars.     They  must  all  be  taken  into  consideration. 
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APPLICATIONS  OF  ALTERNATING-CURRENT 
DIAGRAMS 
VIII— THE  HEYLAND  DIAGRAM 

By  V.   KARAPETOFF 

A    SERIES    OF   LECTURES    DELIVERED    BEFORE   THE    ElECTRIC    CluB 

THE  HE\XAND  DIAGRAM 

Circle  of  In-put — Having  considered  the  diagram  for  a  definite 
value  of  the  load,  it  will  be  of  interest  to  determine  the  changes  oc- 
curring in  this  diagram  throughout  a  wide  range  of  loading. 

Mr.  Heyland  was  the  first  to  point  out  that  the  locus  of  the 
point  A,  during  a  variation  of  the  load,  is  a  semi-circle  C\  A,  A', 
Fig.  52,  having  its  center  on  the  line  O  K ,  o.  continuation  of  the  pri- 
mary magnetic  flux  vector  O  C.  This  can  be  demonstrated  to  be 
strictly  true  only  on  the  assumption  that  the  primary  ohmic  drop 
P  Q  can  be  neglected.  In  this  case  O  Q  coincides  with  O  P,  Fig.  51. 
The  counter  e.m.f.  0  P  of  the  motor,  equal  to  the  terminal  voltage 
is  constant  and  the  flux  O  C,  producing  this  counter  e.m.f.  may  be 
also  assumed  constant. 

^    .  ,  .OB,,  ,    ,  .     O  B,  ^ 

Designate  the  ratio   ^^  v~  by  w,,   and  the  ratio  - — ,    by  n„ 
^  O  A,  O  A^     ^     ^ 

The  interpretation  of  these  coefficients  is  as  follows :  for  instance, 
?ij~o.g2,  means  that  out  of  every  hundred  lines  of  force  produced 
by  the  primary  winding,  92  pass  the  air-gap  and  are  interlinked 
with  the  secondary  winding,  while  the  remaining  eight  constitute 
the  leakage  flux.  Another  meaning  of  these  coefficients  is :  as  the 
fluxes  distribute  themselves  in  a  manner  which  is  inversely  propor- 
tional to  the  reluctances  of  the  magnetic  paths,  the  leakage  coefficient, 
0.92,  means  that  the  magnetic  reluctance  of  the  leakage  path  is 

0.92 

=   1 1- 5 

1.00—0.92 

times  higher  than  the  reluctance  of  the  useful  magnetic  paths. 

To  prove  that  the  point  A„  Fig  52,  moves  on  a  circle,  it  is  only 
necessary  to  prove  that  the  perpendicular  A,  K  upon  A^  C,  at  the 
point  An  meets  the  base  line  0  K  at  a  point  K  such  that  the  length 
C,  A'  is  independent  of  the  length  or  position  of  A,  Q,   and  can  be 
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simpl}-  expressed  in  terms  of  the  primary  flux    O  C>   which  is  con- 
stant, and  the  coefficients  n,  and  )i^  which  are  also  constant. 
A^  C,  A' and  C„  D  O  are  similar  triangles.    Therefore, 
A'C       A,  C  A,  Q 


but 


D  Q 
OB, 


B,  Q-B,D' 


O  D  =  ^:  X   O  C  =  «,  X    O  Q; 
O  A, 

A,  C  =  O  B,  =  n,X   O  A,; 

B,  Q=  O  A, ; 

B,  D  ^  ;^,  X  A,  Q  =  n,  n,  X   O  A,. 
n,  n 


Substituting ;      K  Q  =   O  Q  X 


or  IC  C  is  constant. 


I— Uj  n. 

Thus  the  right  triangle  C  A,  A"  has  a  constant  hypotenuse  C  /\, 
therefore  its  apex  A^  moves  on  a  semi-circle  with  A^  Q  for  its 
diameter.    As  0  P  is  the  direction  of  the  terminal  voltage  (upon  the 


FIG.    52 

assumption  that  the  primary  ohmic  drop  may  be  neglected)  the 
angle  P  O  A,  measures  the  power-factor  of  the  primary  circuit. 

However  rigid  the  theoretical  proof  of  the  Heyland  circle  may 
be,  its  practical  accuracy  has  been  established  by  years  of  application 
to  actual  motors,  and  may  now  be  accepted  as  an  experimental  fact. 

Application  to  an  Actual  Motor — To  demonstrate  this,  readings 
should  be  taken  of  the  primary  current  and  the  corresponding  power- 
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factor  at  different  loads.  Lay  these  off  as  shown  in  Fig.  53,  the 
lengths  of  the  vectors,  O  C,  O  C,  O  C^,  etc.,  representing  the 
values  of  the  currents,  and  the  angles  /^'  O  C„  F  O  C,  etc.,  corre- 
sponding to  the  power-factors  of  these  loads.  It  will  then  be  found 
that  the  points  C  C,  Cy  etc.,  lie  very  close  to  a  semi-circle  having 
its  center  on  the  base  line  0  B. 

For  small  motors  in  which  the  primary  ohmic  drop  has  an  ap- 
preciable value  the  extremities  of  the  current  vectors  will  also  lie 
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FIG.    53 

on  a  semi-circle,  but  its  center  is  somewhat  above  the  base  line  0  B. 
For  such  small  motors  the  Heyland  diagram  is  not  very  well  adapted. 
Messrs.  Blondel,  Ossanne,  Bragstad  and  others  have  developed  dia- 
grams for  taking  the  primary  ohmic  drop  into  account  and  their 
diagrams  give  good  practical  results,  but  are  more  complicated  than 
the  Heyland  diagram  though  employing  the  same  general  principle. 
The  Heyland  diagram  is  the  fundamental  one,  and  those  familiar 
with  it  will  encounter  no  difficulties  in  understanding  the  other 
diagrams.  For  motors  as  small  as  two  or  three  horsepower,  the  Hev- 
land  diagram  is  sufficiently  accurate  for  all  practical  purposes. 

The  Heyland  circle  is  completely  determined  by  any  two  points 
on  its  circumference.  The  points  most  easily  obtainable  from  a  test 
are  those  corresponding  to  the  no-load  run  Q  in  Fig.  53,  and  to  the 
readings  with  the  armature  locked  Cl.  This  latter  test  corres- 
sponds  to  the  short-circuit  test  on  transformers  and  generators  and 
in  it  the  total  leakage  of  the  motor  is  manifested  in  the  most  promi- 
nent way.     These  two  points  have  the  following  two  advantages 
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over  any  others,  for  determining  the  He}  land  circle:  (a)  They  are 
most  easily  obtainable  experimentally  requiring  no  brake  test,  (b) 
They  are  the  most  extreme  points  on  the  circle  having  a  practical 
meaning  as  to  limitations.  At  all  loads  the  end  of  the  current  vector 
travels  between  C^  and  Cl.  Thus  any  error  in  determining  one  of 
these  points  effects  the  determination  of  any  intermediate  points  to  a 
diminished  extent.  If  convenient  it  will  be  of  some  advantage  to 
observe  the  readings  at  the  full-load  point.  This  will  give  three 
points  on  the  circle  which,  owing  to  inevitable  errors  in  the  readings 
of  the  instruments,  will  form  a  valuable  check. 

The  Heyland  circle  measures  not  only  the  primary  current  at 
any  load  but  also  the  apparent  and  true  in-put  to  the  motor.  The 
apparent  in-put  is  equal  to  E,  I,  where  E,  is  the  impressed  voltage 
and  /,  is  the  primary  current.  E,  being  constant,  the  apparent  in- 
put is  proportional  to  the  primary  current,  or  to  the  vectors  O  C\, 
O  C,  O  C,  etc.,  in  Fig.  53.  Thus  the  same  vectors  which  repre- 
sent the  primary  current,  may,  with  suitable  scale,  represent  the 
apparent  in-put.  This  new  scale  can  be  easily  determined.  Let, 
for  instance,  the  scale  of  the  current  be  ten  amperes  to  the  inch 
and  let  the  voltage  of  the  motor  be  200  volts ;  then  each  ampere 
corresponds  to  an  apparent  in-put  of  200  watts  and  the  scale  of  the 
in-put  is  2000  watts  to  an  inch.  The  true  in-put  is  equal  to  the  volt- 
age multiplied  by  the  working  component  of  the  current  and  equals 
E,  /,  Cos'?',  or  E^  being  constant,  it  is  simply  proportional  to  the 
working  component  of  the  current.  This  component  is  equal  to  the 
ordinate  C/^,  of  any  point  Q  on  the  scale  above  the  base  line 
0  B,  since  the  angle  E  O  C^  between  the  voltage  OF  and  the  vector 
of  the  current  is  equal  to  <P.  Thus  the  ordinates  of  the  points  on  the 
circle  measure  the  true  m-put  to  the  motor;  the  scale  being  the 
same  as  that  for  the  apparent  watts,  since  Cos'Z'  is  a  ratio  having  no 
dimensions. 

Mechanical  Torque  arid  Speed — The  torque,  out-put,  and  speed 
of  the  motor  can  also  be  represented  in  this  diagram  in  a  simple  way. 
The  pull  on  a  conductor  in  a  magnetic  field  is  proportional  to  the 
strength  of  the  current  in  that  conductor  and  the  strength  of  the 
magnetic  field  itself.  In  the  case  of  alternating  currents,  the  phase 
difference  between  the  current  and  the  field  must  also  be  considered 
since  the  pull  is  produced  only  by  that  component  of  the  magnetic 
flux  which  attains  its  maximum  simultaneously  with  the  current,  the 
other  component  giving  a  resultant  pull  equal  to  zero  during  a  com- 
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l^lete  cycle.  The  torque  of  any  motor  is  proportional  to  the  arma- 
ture current  times  the  magnetic  flux  which  is  interlinked  with  the 
conductors  carrying-  this  current.  In  Fig.  52  O  A^  is  proportional 
to  the  secondar}-  current  and  O  C„  is  the  flux  in  the  air-gap.  Sub- 
tracting the  part  C  C  =  B^  A^  recjuired  to  neutralize  the  second- 
ary self-induction  and  producing  no  useful  torque,  we  get  the  actual 
flux  O  C  which  acts  with  the  secondary  current  O  A.,  to  produce 
the  torque.  This  flux  O  C  attains  a  maximum  simultaneously  with 
the  secondary  current,  because  being  perpendicular  to  O  A^  it 
corresponds  to  an  e.m.f.  in  the  direction  of  O  A^  as  has  been  ex- 
plained before. 

The  torque  is  thus  proportional  to  the  product  O  A„  X  O  C  ; 
it  is  also  proportional  to  A,  C^  X  A^  K,  since  A^  C,  is  equal  to 
?/.  X  O  A^  and  A^  K  is  proportional  to  O  C,  triangles  A^  C^  K 
and  O  D  C^  being  similar.  It  is  interesting  to  note  that  the  product 
A^  Ci  X  A^  K  represents  the  double  area  of  the  triangle  A^  C,  K. 
The  same  area  can  be  represented  by  the  product  K  C,  X  A^  G  or 
A'  Ci  being  constant,  we  may  say  that  the  torque  is  simply  propor- 
tional to  the  ordinate  of  the  point  Ai   above  the  base. line  0    K. 

This  ordinate,  however,  is  proportional  to  the  in-put,  in  an  ideal 
motor,  so  that  the  torque  is  proportional  to  the  in-put.  This  is  only 
true  for  an  ideal  motor  having  no  primary  resistance  and  no  primary- 
iron  loss.  In  such  a  motor  the  total  energy  put  into  the  primary 
would  be  delivered  to  the  secondary  in  the  form  of  a  mechanical 
torque  between  the  primary  and  the  secondary.  In  actual  motors 
the  torque  is  somewhat  smaller  than  it  is  in  an  ideal  motor  owing  to 
the  above  mentioned  losses  in  the  primary.  The  effect  of  the  pri- 
mary ohmic  resistance  is  to  diminish  the  counter  e.m.f.  of  the  motor, 
and  to  diminish  all  the  fluxes  in  the  same  proportion.  Here-to-fore 
the  primary  ohmic  drop  P  Q  has  been  neglected.  In  taking  it  into 
consideration,  the  secondary  e.m.f.,  or  the  flux  O  Q  and  conse- 
quently, Ai  A' will  be  diminished  by  an  amount  corresponding  to  this 
drop.  Let  A,  7' be  proportional  to  the  primary  ohmic  drop,  that  is 
proportional  to  the  primary  current  O  At-  Subtracting-  this  from 
all  the  vectors,  as  A,  K,  of  the  diagram  we  will  get  a  curve  K  T  Ci 
dift'cring  from  a  circle  and  which  therefore  could  hardly  be  used 
for  practical  purposes. 

In  order  to  make  the  curve  d  T  K  2l\\  arc  of  a  circle,  Mr.  Hey- 
land  made  the  following  assumption,  which  though  not  absolutely 
correct,  is  accurate  enough  for  practical  jiurposes,  especially  if  we 
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remember  tliat  the  whole  influence  of  the  primary  ohmic  resistance 
is  comparatively  small,  in  the  best  commercial  motors.  Mr.  Heyland 
reasoned  as  follows :  The  primary  current  O  Ai  may  be  considered 
as  consisting  of  two  parts :  O  G  which  is  constant,  and  in  quadra- 
ture with  the  voltage  0  P,  and  which  represents  the  magnetizing 
current:  and  d  Ai  which  is  a  variable  and  represents  the  secondary 
current  reduced  to  an  equivalent  primary  current.  Take  into  account, 
in  the  part  A,  T,  only  the  variable  part  A^  Q,  of  the  primary  cur- 
rent, adding  the  constant  loss  caused  by  the  component  O  G  to  the 
other  constant  losses  of  the  motor  (iron  loss  and  friction),  these  to 
be  considered  later.  Thus  instead  of  making  the  correction  Ai  7] 
proportional  to  O  A,,  make  it  proportional  to  G  Ai-  It  can  be 
easily  shown  that  in  this  case  the  locus  of  T  is  an  arc  of  the  circle 
G  T  K  and  that  the  ordinate  of  T  above  the  base  line  0  K  is  pro- 
portional to  the  torque.  To  prove  this,  connect  G  and  T.  The 
torque  is  proportional  to  the  product  of  G  A  and  T  A'  (secondary 
current  times  corrected  secondary  flux),  or  it  is  proportional  to  the 
area  of  the  triangle  A'  T  G-  The  same  area  can  be  represented  by 
the  product  of  the  base  A'G  times  the  altitude  T  H,  or  K  C  being 
constant,  this  area,  and  therefore  the  torque,  is  simply  proportional 
to  the  ordinate  T  H.  Moreover  the  angle  Ai  G  T  being  constant, 
since  by  assumption  A:  Tis  proportional  to  dA,  the  angle  G  7^ 7^' 
is  also  constant  for  different  positions  of  the  point  Ai  or  T;  there- 
fore T  lies  on  an  arc  of  the  circle  passing  through  G  and  A'. 

The  ordinate  T  H  must  be  further  reduced  by  the  amount  of  the 
above  mentioned  constant  losses  in  the  motor,  diminishing  the  useful 
torque  available  at  the  shaft.  All  these  losses,  being  practically 
independent  of  the  load  on  the  motor,  can  be  taken  into  account  by 
drawing  a  line  M  N  parallel  to  the  base  line  O  K  and  at  such  a  dis- 
tance from  it  that  it  would  cut  from  the  ordinate  T  H  a.  part  repre- 
senting the  lost  torque.  The  ordinates  of  the  curve  G  7" A' above  this 
new  base  line  will  represent  the  true  torque  of  the  motor.  This  base 
line  passes  through  the  no-load  point  C,„  Fig.  53,  because  at  no  load 
there  being  no  useful  torque  available  the  ordinate  of  C„  represents 
the  torque  lost  by  the  primary  ohmic  drop  of  the  magnetizing  cur- 
rent and  by  the  primary  iron  loss  and  friction. 

Output —  In  an  ideal  motor  having  no  primary  or  secondary 
resistance  and  no  iron  loss  and  friction  loss,  the  input  would  be 
equal  to  the  output,  and  the  speed  being  synchronons  at  all  loads 
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(since  the  secondary  resistance  is  zero)  the  torque  would  also  be 
proportional  to  the  input  or  the  output.  Thus  in  an  ideal  inotor, 
input,  torque  and  butput  would  be  represented  by  the  same  or- 
dinate A^G,  Fig.  52.  Because  of  the  primary  ohmic  drop,  approx- 
imately represented  by  A^T,  the  torque  is  reduced  to  a  value  repre- 
sented by  T  H.  The  output  is  further  reduced  by  the  secondary 
ohmic  drop.  Laying-  off  T  i^  equal  to  this  drop,  we  get  an  arc 
of  another  circle,  C^R  K  whose  ordinates  as  R  J  represent  the  out- 
put to  the  same  scale  as  ^^  G  represents  the  input.  In  an  ideal 
motor  both  A^T  and  T  R,  equal  zero,  and  the  three  circles  coin- 
cide. The  higher  the  resistances  of  the  windings,  the  further  apart 
are  these  circles,  and  the  torque  and  the  output  of  the  motor  are 
correspondingly  reduced.  To  take  the  primary  iron  loss  and  fric- 
tion into  account,  the  ordinate  R  J  must  be  further  reduced  bv  the 
amount  R^^J  as  was  explained  for  the  ordinates  of  the  torque. 

Consider  the  three  circles  to  have  been  constructed  and  the 
line  M  N  drawn.  To  find  the  performance  of  the  motor  corre- 
sponding to  a  given  primary  current  O  A^  draw  the  line  A^  K  and 
measure  the  ordinates  A-^^G,  T^  T^  and  R^R,  which  give  respectively 
the  input,  torque  and  output  of  the  motor. 

When  the  point  A-^  moves  to  the  right  on  the  circle,  the  pri- 
mary current  increases ;  and  the  output  also  increases,  up  to  a  cer- 
tain maximtim  point,  and  then  diminishes  as  the  motor  speed  ap- 
proaches zero.  At  zero  speed  the  output  is  zero,  therefore  the 
ordinate  A'  /  and  also  the  length  R  K  must  be  zero,  so  that  at  the 
point  on  the  curve  corresponding  to  armature  locked,  ^^  K  is  tan- 
gent to  the  circle,  Ci  R  K  at  the  point  K.  As  has  been  explained 
before,  the  first  circle  of  the  Heyland  diagram  (circle  of  i'lput") 
is  usuallv  determined  from  the  no-load  current  and  the  locked  cur- 
rent (Co  and  Cl  in  Fig.  53).  The  third  circle  (the  circle  of  out- 
put) is  easily  found  by  connecting  Cl  to  B  and  drawing  an  arc 
of  a  circle  passing  through  B  and  C  and  tangent  to  Cl  B  at  B.  The 
seg-ment  Cl  B  in  Fig.  53  has  the  same  meaning  for  the  locked  point 
as  A^R,  in  Fig.  52,  for  an  intermediate  load.  Therefore  the  second 
circle  (circle  of  torque)  divides  Cl  j5  at  the  point  71,  in  the  ratio 
of  the  primary  to  the  secondary  resistance,  the  latter  being  reduced 
to  terms  of  the  primary  circuit,  as  in  the  case  of  transformers.  [See 
August  issue,  page  413.]  The  following  cases  occur  in  practice  re- 
garding the  determination  of  the  point  T.,  whicli  in  its  turn  de- 
termines the  second  circle: 
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First.  Motors  zvitli  squirrel  edge  secondary — Knowing  the 
primary  ohmic  resistance,  r^  and  the  primary  current  /,  with  the 
armature  locked,  the  primary  ohmic  drop  r^  /^  becomes  known. 
Lay  oft" 

C    T^  =  OB  X  ^ 

which  determines  the  point  71  on  the  second  circle.  This  con- 
struction can  be  explained  as  follows : 

In  Fig.  52  the  vector  C^  0  represents  the  total  primary  flux 
which,  neglecting  the  primary  ohmic  drop,  can  be  assumed  as  pro- 
portional to  the  total  primary  impressed  voltage  E-^.  From  this 
flux  the  primary  leakage  flux  CiCq  and  the  secondary  leakage  flux 
Cq  Co  are  subtracted.  The  remainder  O  C,  represents  what  may 
be  called  the  working  component  of  the  flux,  partly  transformed 
into  useful  work  and  partly  absorbed  by  the  ohmic  resistance  of 
the  motor.  O  C  and  therefore  O  C^,  being  proportional  to  /f,,  the 
part  absorbed  by  the  primary  ohmic  resistance  for  any  given  current  /„ 
is  equal  to 

r  I 

Instead  of  using  the  triangle  O  C  C,,  use  the  approximately  similar 
triangle    O  A,  K,  and  subtract  from  A^  K  which  corresponds  to  O  C 

the   segment   A^    T  =^  O  K  X    .      At   the   locked  pomt,    Q    T^, 

Fig.    53,    corresponds    to    the    primary    ohmic    drop  A^  T  Fig.  52, 

and  so  with  the  notations  of  Fig.  53  we  get  Q  T^  ^=-  O  B  X  — — '.     As 

has  been  explained  before,  this  is  not  quite  correct,  but  is  entirely 
justified  by  practice,  since  the  total  influence  of  the  ohmic  drop  in 
good  motors  is  very  small. 

Second.  Motors  zvith  phase  wound  secondary,  provided  zvitli 
slip  rings. — Inserting  ammeters  in  both  the  primary  and  secondary 
circuits,  the  primary  and  secondary  ohmic  drop  can  be  determined 
separately ;  resistances  of  the  windings  having  been  previously 
measured  with  direct-current.  Reducing  the  secondary  resistance 
to  the  primary  circuit,  the  point  7",  can  be  found  by  dividing  C,  B 
in  the  ratio  of  the  primary  and  secondary  resistances. 

Let,  for  instance,  the  resistances  be  0.37  ohms  for  the  primary 
.and  0.1 15  ohms  for  the  secondary,  and  let  tlie  corresponding  cur- 
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rents,  with   the  armature  locked,  be  65  amperes  and    122  amperes. 
The  secondcirv  resistance  reduced  to  the  primary  circuit  is 

o.  115  C     ~~  )      =  0.404  ohms. 
V  65  ■ 

As  for  transformers,  we  have:    Q    J\, :  T^  B  =  0.2,"  :  0.404. 

It  is  advisable  to  check  up  the  position  of  the  point  7"l  by 
the  method  indicated  above  for  motors  with  squirrel  cage  sec- 
ondaries. In  most  cases  there  will  be  some  discrepancy  in  the  two 
methods,  due,  most  probably,  to  the  influence  of  eddy  currents 
when  the  armature  is  locked.  The  difiference,  however,  ought 
not  to  be  great  and  the  average  position  of  the  point  T,_  should 
be  used. 

Third.  Large  Motors. — V>'ith  very  large  motors,  the  locked 
test  cannot  be  performed  in  the  above  manner  because  of  too  heavy 
currents  which  would  damage  the  motor ;  the  better  the  motor, 
the  larger  are  these  currents.  It  is  therefore  necessary  to  perft)rm 
this  test  at  less  than  full  voltage  and  also  to  have  some  additional 
resistance  in  the  secondar>\  For  instance,  let  a  test  on  a  6,600- 
volt  motor  be  performed  at  4,500  volts  with  some  additonal  re- 
sistance in  the  secondary  and  let  the  results  be :  primary  current 
324  amperes,  secondary  current  765  amperes,  primary  ohmic  re- 
sistance 0.47  ohms ;  total  resistance  of  the  secondary  circuit,  in- 
cluding secondary  winding,  rheostat,  ammeter,  switches,  etc.,  0.23 
ohm :  resistance  of  the  secondary  windings  alone  0.084  ohm.  From 
these  data  the  positions  of  the  second  and  third  circles  of  the  Hey- 
land  diagram  can  be  determined  as  follows :  First  of  all  the  cur- 
rents must  be  reduced  to  the  normal  voltage  of  6.600.  Due  tn  the 
fact  that  all  alternating  current  apparatus  is  usually  designed  for 
a  comparatively  low  magnetic  saturation  in  the  iron  and  that  this 
saturation  is  particularly  low  on  the  locked  test,  the  currents  can 
be  assumed  as  directly  proportional  to  th^-  impressed  voltages. 
Actual  experience  justifies  this  assumption.  Thus  at  full  voltage 
the  currents  would  be : 

P,  .  ...  /  6600  \ 

I'nniary  wnidmg 324  X  ( I  =  475  amperes. 

V  4500  ^ 

Secondarv  winding 765  X  (  )  =  1122  amperes. 

V  4500  ^ 

The  total  secondary  resistance  reduced  to  the  primary  is  : 


^ 1122  \ 
0.23  (  )      =1 

^   475   ' 


1.28  ohms. 
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and  the  point   T^^  is  determined  by  the  relation 
C  T,  :  T,B^  0.47  :  1.2S. 
If  there  be  no  additional  resistance  in  the  secondary,  the  third 
circle  would  be  tangent  to  the  line   Cl  B      Fig.   54.     In  this  case, 
however,   the   external    and   internal    resistances   of   the   secondary 


FIG.     54 

must  be  separated,  the  latter  only  being  nece,sard\-  taken  into 
account  for  the  actual  operation  of  the  motor.  Thus  we  divide 
71  B  at  P,^  so  that 

7\,  Pi^  :  7",  B  —  0.0S4  :  0.230. 
and  draw  the  circle  through  the  point  P^.  The  part  P^  B  of  the 
magnetic  flux  is  transformed  into  heat  in  the  external  resistance 
and  under  actual  conditions  of  running  it  would  have  been  trans- 
formed into  actual  mechanical  work.  Kapp  was  the  first  who 
pointed  out  that  the  effect  of  the  primary  is  the  same  whether  a 
definite  amount  of  work  is  supplied  by  the  revolving  motor  to  the 
shaft  in  the  form  of  mechanical  energy,  or  by  the  motor  standing 
still  to  an  additional  secondary  resistance  in  the  form  of  heat,  this 
resistance  being  non-inductive. 

Slip.  According  to  the  general  law  of  induction  the  e.m.f. 
induced  in  a  winding  is  proportional  to  the  \'alue  of  the  inducing 
magnetic  flux  and  to  the  frequency  at  which  the  lines  of  force 
cut  the  conductors  of  the  winding.  The  e.m.f.  induced  in  the 
secondary  of  an  induction  motor  is  proportional  to  flux  O  €.>■.  Fig. 
52,  and  to  the  slip  of  the  motor,  or  the  slip  is  proportional  to  the  " 
ratio : 

secondary  current 
useful  secondary  flux 

The  secondary  current  is   represented  in  the   diagram  by  the 
vector  C-i  A^,  Fig.  52,  and  the  secondary  flux  O  C.  corrected  for 
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the  primary  ohmic  drop  is  represented  by  K  T.     Thus  the  slip  is 
proportional  to  the  ratio  : 

C  A, 
KT 
Instead  of  representing-  the  slip  as  a  ratio  it  may  also  be  repre- 
sented as  a  segment  of  a  line.     Draw  any  line  x  y  such  that  the 
angle  r  6"  K  is  equal  to  the  constant  angle  K  T  C^.     The  triangle 
^"i  SK  is  similar  to  the  triangle  C^T  K  so  that  the  slip  is  also  pro- 

S  S 
portional  to  the  ratio'  '      ,  or  K  S  being  constant,  the  slip  is  simply 

K  S 
proportional  to  ^^i^".  To  find  the  absolute  value  of  the  slip  in  per 
cent  draw  the  line  x  y  so  that  it  will  pass  through  the  locked 
point  Cl  Fig.  53,  at  which  the  slip  is  evidently  100  percent  and 
divide  ^  Cl  into  100  parts.  Then  any  vector  as  C2B  cuts  this  line 
in  a  point  5"!  such  that  the  segment  .S  S^^  represents  the  slip  in  per- 
cent, 6"  Cl  being  equal  to  100  per  cent. 

With  good  commercial  motors  the  slip  is  comparatively  small, 
so  that  it  could  not  be  read  ofif  accurately  enough  on  the  line  Cl  S 
it  can,  however,  be  read  on  any  other  line  x-^^  y^  farther  to  the  left 
in  the  diagram,  the  scale  being  reduced  in  the  ratio  B  S.,  to  B  S. 
It  is  also  evident  that  the  slip  is  proportional  to  the  ordinate  of  the 
point  6^1  above  the  base  line  0  B,  the  ordinate  of  Cl  being  equal 
to  100  percent.  If  the  diagram^  is  drawn  on  a  sheet  of  cross-section 
paper,  it  is  easier  to  read  off  the  ordinates  than  to  measure  the 
lengfth  in  a  slant  direction. 


A  disadvantage  of  the  Heyland  diagram  in  the  form  described 
above,  is  that  every  line  measured  in  it  must  be  multiplied  by  some 
fractional  constant  in  order  to  get  actual  values  of  horse-power,  foot- 
pounds, etc.     This  can  be  obviated  bv  slight  changes  in  the  con- 
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struction  so  that  all  quantities  are  brought  to  the  scales  correspond- 
ing" to  the  divisions  of  cross  section  paper.  This  can  be  done  as 
follows : 

(a)  Input  and  Oiitpiit.  Instead  of  laying  off  the  no-load  cur- 
rent and  the  locked  current  in  amperes  to  determine  the  first  circle 
of  a  diagram,  lay  off  the  same  vectors  in  apparent  horse-power. 
Then  the  first  and  the  third  circles  of  the  diagram  will  give  directly 
the  horse-power  input  and  output.  For  instance,  supposing  the  no- 
load  current  to  be  10.5  amperes  and  the  current  with  the  armature 
locked  85  amperes.  The  first  circle  could  be  conveniently  con- 
structed to  a  scale  of  5  amperes  to  the  inch  and  the  power  read  in 
amperes.  Instead  of  doing  this,  calculate  the  apparent  horse-power 
corresponding  to  the  above,  as  follows : 

10.5X  ^-  =    5-63  hp. 
746 

85     X   ^°°=    45-6  hp.  , 
746 

where  the  voltage  of  the  motor  is  400.     Lay  off  the  above  vectors 

to   a   convenient   scale   such   as   2^    hp.   to   the   inch.      If   desired. 

another  circle  can  be  drawn  for  the  amperes  on  the  same  diagram. 

(b)  Torque.  If  a  scale  of  i  inch=w  horse-power  be  selected 
for  this  first  circle,  the  scale  for  the  second  circle,  ('  T  i^B,  Fig.  55,  is 

•         1  33.000  m     r         ,  , 

I  mch=  ^^ X        foot  pounds. 

2r:  N 

Where  A'   is  the  synchronous   speed  of  the  motor.     For  any 

other  circle  as  QPi,  B,  Fig.  55,  drawn  so  that  C^Pi^  is  parallel  to 

C  Tl,  the  scale  will  be: 

.  33,000        m        7l  B 

I  inch  =  XX   

2  TT  N         PuB 

The  length  i?  Pl  can  be  selected  so  as  to  make  this  scale  a  con- 
venient even  number.  Supposing,  for  instance,  the  scale  of  horse- 
power to  be,  one  inch  equals  2j/  hp.  the  synchronous  speed  of  the 
motor  A^  equals  1,200  r.p.m.  and  the  length  B  T\.  equals  6.42  inches. 
Then  by  taking  B  Pu  equal  to  7.02  inches,  the  scale  of  torque  will  be : 

.     ,        33,000  2.5  6.42  ^  , 

I  inch=       X         --    X  =10  foot  pounds. 

2-  1,200        7.02 

(c)  Slip.  As  was  explained  before,  the  slip  can  be  read  on 
the  line  G.  S,  Fig.  55,  or  on  any  line  K  Sy  parallel  to  it.  The  fol- 
lowing formulae  permits  the  selection  of  the  distance  S^B  .so  as 
to  get  an  even  scale  for  the  slip.  With  the  notatiim  of  Fig.  55  we 
have : 
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I  inch  corresponding  to  percent  slip  for  the  hne  G.  S. 

b 

I  inch  correspondino-  to  x   --      percent    sHp   for  the  Hne  K  S,- 

b         S.B 
But  the  triangles  C  7l  B  and  G.  S  B  being  similar, 

'^^=   ^^-^and  I    _^7^A„ 

b         CO.  b  S  BX  CCi. 

Thus  the  scale  for  the  line  K  Si  is 

loo  Tl  5  ^    ,. 

I  mch  correspondnig  to  x percent  slip. 

Cl    C  Si      B 

The  length  ^^5  can  be  selected  so  as  to  make  the  right  side  of 
this  equation  a  convenient  even  number.  It  is  understood  that  the 
slip  is  measured  by  the  ordinates  of  the  line  C^  ^S"  or  K  S^  above 
the  base  line  0  B  and  not  by  the  slant  lengths  of  these  lines.  This 
method  of  drawing  the  sHp  line  has  a  particular  advantage  for 
large  motors  where  the  point  ^9  comes  comparatively  close  to  B 
and  the  segment  S  B  is  very  small.    With  the  usual  method  of  draw- 

C       D 

ing  the  line  5'i/v,  its  scale  is  made  dependent  on  the  ratio    - — ^    If 

S  B 

S  B  is  small  and  cannot  be  measured  in  the  diagram  with  sufficient 

accuracy,  the  scale  of  the  line  K  S^  is  also  very  unreliable.     With 

the  improved  method  described  above,  it  is  not  necessary  to  measure 

the  line  5^  B,  the  scale  of  the  line  K  .S\  being  made  dependent  upon 

T    R 

the  ratio  which  segments  are  alwavs  large  enough  to  be  closelv 

CO.  .         ^  ^ 

measured. 

By  this  improved  method  all  the  values  can  be  represented  in 
the  diagram  to  a  convenient  scale  and  even  to  the  same  scale  as 
that  used  on  the  corresponding  curve  sheet,  so  that  plotting  per- 
formance curves  from  the  diagram  is  simply  reduced  to  taking  cer- 
tain segments  in  the  diagram  and  transferring  them  to  the  curve 
sheet  without  any  intermediate  calculations  or  changes  of  scale.  The 
diagram  thus  represents  the  characteristic  properties  of  the  motor  as 
clearly  as  a  sheet  of  performance  curves. 


FACTORY  TESTING  OF   ELECTRICAL 
MACHINERY— XI 

By  R.   E.   WORKMAN 

RF.GULATIOX  TEST  OF  ALTERNATOR  LOADED  ON  RESISTANCES,  INDUCTIVE 
OR  NON-INDUCTIVE. 

Preparations  for  Test.  This  test  is  made  in  practically  the 
same  way  as  the  corresponding  test  on  a  direct-current  machine. 
The  machine  to  be  tested  is  belted  to  a  direct-current  motor  of  suita- 
ble capacity.  The  connections  for  the  case  of  a  three-phase  alterna- 
tor are  shown  in  Fig.  59,  where  the  load  is  connected  in  star.  The 
test  table  used  is  the  same  as  that  shown  in  Fig.  55. 

In  the  case  of  the  smaller  alternators  of  high  voltage  (1,000  or 
2,000  volts),  step-down  transformers  are  used  between  the  alter- 
nator and  the  load.  These  transformers  are  arranged  to  transform 
from  three-phase  high  tension  to  two-phase  low  tension,  if  desired, 
thus  making  it  possible  to  load  a  three-phase  machine  on  two  racks. 
Where  two-phase  machines  are  tested  the  transformers  are  separ- 
ately connected  to  the  two  phases  and  to  the  two  racks.  In  the  case 
of  larger  alternators  a  large  rack  is  used,  being  connected  to  the  al- 
ternator as  shown  in  Fig.  60. 

Conduct  of  Test.  The  plant  is  started  up  as  in  the  case  of  a 
direct-current  machine  and  the  load  is  applied  by  adjusting  the  re- 
sistance in  each  rack,  the  aim  being  to  keep  the  resistance  of  the 
three  legs  of  the  star  ecjual,  for  each  load.  In  the  case  of  a  machine 
which  is  not  compensated  the  load  current  is  brought  up  to  its  full 
value  and  the  separate  field  current  adjusted  to  give  the  proper  ter- 
minal voltage.  In  the  case  of  a  compensated  machine,  as  mentioned 
above,  two  tests  are  taken : 

(a)  Constant  Potential  Regulation.  The  separate  field  cur- 
rent is  set  so  as  to  give  full  voltage  at  no  load,  and,  at  each  reading, 
the  compensator  brushes  are  moved  so  as  to  obtain  constant  po- 
tential. 

(b)  Maximum  Compensation.  The  separate  field  current  is 
set  as  before  to  give  full  voltage  at  no-load  and  the  compensator 
brushes  are  set  so  as  to  give  maximum  compensation.    The  compen- 
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FIG.    59  — CONNECTIONS     FOR    A    THREE-PHASE    ALTERNATOR)    LOAD    CONNECTED    IN    STAR 
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sator  brush-position  is  held  constant  throughout  the  test.     In  all 
cases  the  speed  is  held  constant  throughout  the  test. 

The  readings  taken  are  terminal  volts,  main  amperes,  watts 
(where  it  is  desired  to  know  the  power- factor),  separate  field  am- 
peres, compensator-field  volts  and  amperes,  and  the  speed    A  range  of 


Star  Connection 


Delta  Connection 

fIG_  60 STAR  ANU  DKLTA  CONNECTION  OF  RACK  FOR  RESISTANCE  LOAD  ON  LARGE 

MACHINES. 

readings  is  taken  from  no-load  to  something  well  over  full-load.  In 
the  case  of  a  two-phase  machine,  the  only  difference  is  that  one  phase 
and  one  rack  are  connectcfl  across  the  terminals  i  and  3  on  the  table 
and  the  other  phase  and  rack  across  2  and  4. 
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Working  up  Results.  The  readings  taken  after  having-  been 
corrected  for  caHbration  of  the  instruments,  are  plotted  as  shown  in 
Fig.  6i,  which  gives  a  set  of  regulation  curves  for  a  120  kw,  60-cycle, 
lo-pole,  2-phase,  440-volt,  generator,  run  at  a  power-factor  of  ap- 
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FIG.     61 REGULATION     CURVES     OF 
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proximately  80  percent.  The  power-factor  is  found  by  calculating 
the  ratio  of  the  watts  output,  *as' measured  on  a  wattmeter,  to  the 
volt-amperes  apparent  output. 

Where  it  is  desired  to  take  a  regulation  of  an  alternator,  by 
loading  it  on  a  synchronous  motor  or  motors,  the  alternator  connec- 
tions and  general  arrangement  will  be  just  the  same  as  for  a  test  on 
resistance  load.  Special  arrangements,  however,  must  be  made  for 
starting  the  motor,  and  this  would  generally  be  done  in  something 

*The  measurement  of  power  in  polyphase  circuits  by  single  phase  wattmeters  : 
(i)     Two-phase.     Power  is  measured  by  adding  two  wattmeter  readings,  one 
measuring  the  power  in  each  phase. 

(2)  Three-Phase.  Referring  to  figures  62  and  dz,  which  refer  to  star 
and  to  delta  connections  respectively,  consider  the  current  as  entering  the  cir- 
cuits by  the  lines  i  and  2  and  returning  by  the  line  3.  This  assumption  is  justi- 
fiable since  the  current  in  3  is  equal  in  magnitude  to  the  resultant  of  the  currents 
in  I  and  2.  Considering  the  circuits  in  this  light,  it  will  be  seen  that  the  power 
at  any  instant  will  be  /,  r,  ,,  —  i.,  e.^  -^  where  /, ,  7.,  r,  .,,  e.,  ,,  are  instantaneous 
values  of  current  and  e.m.f.  Hence,  if  two  wattmeters  are  connected  with  their 
series  coils  in  the  lines  x  and  2,  respectively,  and  their  shunt  coils  across  1-3  and 
2-7,  respectively,  the  sum  of  their  readings  will  be  a  measure  of  the  power. 
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like  the  following  manner.  The  lines  from  the  alternator  would  be 
carried  to  the  terminals  at  the  end  of  the  table  in  Fig.  55,  and  the 
lines  from  the  synchronous  motor  to  those  in  the  front  of  this  table. 
In  order  to  synchronize  the  motor  it  would  generally  be  necessary 
to  belt  a  small  direct-current  motor  to  it,  to  bring  it  up  to  speed. 
The  connections  of  the  synchronous  motor,  etc.,  are  shown  in  Fig, 
64.  In  synchronizing  the  two  alternating  current  machines,  it  will 
be  well  to  use  two  series  of  lamps,  each  containing  a  sufficient  num- 
ber of  lamps  to  stand  double  the  voltage  at  which  the  machines  are 
to  be  synchronized.  Lamps  are  used  in  preference  to  a  synchron- 
scope  because  of  their  greater  adaptability  to  the  work  of  the  test- 
ing department.  When  a  synchroscope  is  used  for  the  first  time  in 
synchronizing  two  machines,  lamps  have  to  be  used  to  determine 
whether  it  is  connected  in  the  correct  way.  The  synchroscope  is 
thus  better  adapted  to  permanent  installations.  Where  the  voltage 
is  too  high  for  the  use  of  a  series  of  lamps,  transformers  may  be  used 
with  their  high-tension  sides  across  the  switches  and  their  low-ten- 
sion sides  across  the  lamps.     Machines  may  also  be  synchronized, 
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FIG.     62- 


-POLYPHASE    POWER     MEASURED     BY    SINGLE-PHASE    WATTMETERS,    STAR    CON- 
NECTION 


phase  by  phase,  with  the  aid  of  only  one  series  of  lamps,  as  will  be 
described.  Where  two  series  of  lamps  are  used,  they  are  connected 
across  the  switches  S^  and  S\. 

Conduct  of  Test.  All  the  switches  on  the  polyphase  test  table 
should  be  open.  The  motor  wliich  is  to  drive  the  alternator,  also 
the  one  which  is  to  be  used,  first  to  bring  the  synchronous  motor  to 
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speed,  and  then  to  load  it,  may  be  started  successively,  in  the  usual 
manner.  The  separate  field  circuits  of  the  alternating-current  ma- 
chines may  then  be  closed  and  the  voltages  of  both  brought  to  about 


FIG.    63 POLYPHASE    POWER    MEASURED    BY    SINGLE-PHASE    WATTMETERS,    DELTA    CON- 
NECTION 

the  same  value,  which  may  be  something  like  half  the  full  voltage  of 
the  machines.  The  speed  of  the  alternator  should  be  brought  as 
nearly  as  possible  to  its  correct  value,  by  adjusting  the  field  current 
of  its  driving  motor.  The  speed  of  the  synchronous  motor  should 
be  made  to  correspond  closely  to  the  frequency  of  the  alternator. 
The  switch  S,  may  then  be  closed  and  the  two  machines  synchron- 
ized with  the  aid  of  the  lamps.  The  two  sets  of  lamps  will  be  seen 
to  fluctuate  in  brightness,  the  fluctuations  becoming  slower  and 
slower  as  synchronism  is  approached,  the  lamps  soon  alternating  be- 
tween absolute  darkness  and  a  maximum  brightness.  If  the  two 
series  of  lamps  are  seen  to  be  bright  at  the  same  time,  it  may  be  at 
once  concluded  that  the  machines  are  correctly  connected  and  it  will 
be  necessary  simply  to  adjust  the  relative  speeds  of  the  machines 
till  the  fluctuation  is  very  slow,  and,  when  both  sets  of  lamps  are 
dark,  to  throw  in  the  switches  S^  and  S^,  completing  the  circuits. 
If,  on  the  other  hand,  it  is  found  that  one  set  of  lamps  is  bright 
when  the  other  is  dark,  the  machines  are  connected  wrong  and  their 
field  circuits  must  be  opened  so  as  to  make  it  possible  to  reverse  one 
pair  of  the  motor  leads.  When  the  machines  have  been  success- 
fully synchronized  the  field  of  the  motor  driving  the  synchron- 
ous motor  should  be  raised  until  its  current  is  very  small  and  its 
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circuit  breaker  then  tripped.  If  it  is  desired  to  dispense  with  one  set 
of  lamps,  the  set  used  may  be  connected  across  the  switch  .SI  and 
the  machines  synchronized  as  before,  the  switch  .S'^  being  thrown  in. 
The  lamps  must  then  be  tried  across  S^  to  see  if  the  phase  relation 
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FIG.    64 CONNECTIONS    FOR    TAKING    THE    REGULATION    OF    AN    ALTERNATOR    LOADED    ON 

A    SYNCHRONOUS    MOTOR 

is  correct.  If  they  do  not  light  up  the  switch  S,,  may  be  thrown 
in.  If  the  lamps  do  light  up,  the  motor  connections  must  be  changed 
as  before. 

Where  two-phase  machines  are  to  be  synchronized,  it  is  most 
convenient  to  synchronize  the  phases  separately.     The  machines  are 
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started  up  and  brought  to  speed,  as  before,  and  the  lamps  placed 
across  the  switch  .S^  The  two  phases  are,  of  course,  connected  to 
the  terminals,  i  to  3  and  2  to  4  of  the  test  table,  respectively.  The 
switch  S,  is  first  thrown  in  and  when  the  machines  have  been 
brought  to  synchronism  as  indicated  by  the  lamps  the  switch  S^  is 
thrown  in.  The  lamps  are  then  tried  across  either  of  the  switches 
^„  or  ►S,.    and,  if  they  do  not  light  up,  these  switches  are  closed. 

The  regulation  test  may  then  be  made,  much  as  if  the  alternator 
were  loaded  on  resistances.  The  power-factor  is  held  constant  by 
adjusting  the  field  of  the  synchronous  motor,  which  has  the  well 
known  property  of  acting  as  a  capacity  in  a  circuit  when  its  field  is 
over-excited  and  of  acting  as  an  inductance  if  its  field  is  under- 
excited.  The  power-factor  may  be  measured  by  taking  simultaneous 
readings  of  volts,  amperes  and  watts  on  the  alternator. 

Prccaittions  to  be  Observed.  It  is  very  important  to  see  that 
tlic  two  alternating-current  machines  are  running  at  the  same  fre- 
quency and  in  phase  with  one  another,  at  the  instant  when  their 
main  circuits  are  closed,  otherwise  a  very  large  current  will  pass. 
If  it  should  happen  that  the  machines  are  thrown  in  at  the  wrong 
time,  the  main  switches  must  not  be  opened  again  as  a  dangerous 
arc  might  be  the  result,  but  if  the  machines  do  not  pull  into  step  the 
field  on  both  the  alternating  current  machines  should  be  brought 
down  to  a  very  small  value  after  which  the  direct-current  machine? 
may  be  stopped. 


SYNCHRONIZING  OF  ALTERNATING  CURRENT 

MACHINES 

AN   ELEMENTARY   EXPOSITION. 

TWO  machines,  an  alternator  and  a  rotary  converter,  for  exam- 
ple, are  said  to  be  in  synchronism  when  their  frequencies  are 
the  same  and  when  their  phase  relation  is  the  same. 

The  two  machines  will  have  the  same  frequency  when  the  num- 
bers of  alternations  or  reversals  of  their  e.  m.  f.'s  in  a  given  time  are 
equal. 

This  condition  will  be  fulfilled  when  the  product  of  the  number 
of  poles  by  the  revolutions  per  minute  is  the  same  for  each  machine. 

The  two  machines  will  have  the  same  phase  relation  when  the 
positions  of  the  armatures  with  respect  to  the  field  poles  are  the 
same,  i.  e.,  when  similar  armature  coils  are  opposite  similar  field 
poles  at  the  same  instant. 

In  addition  to  being  in  synchronism  with  the  generator  to  which 
it  is  to  be  connected,  the  rotary  converter  must  have  approximately 
the  same  voltage  as  the  generator.  This  voltage  may  be  measured 
by  a  voltmeter. 

The  operation  of  synchronizing,  for  instance,  a  rotary  con- 
verter with  a  generator,  is  as  follows :  The  rotary  converter  is 
brought  up  to  approximately  synchronous  speed  and  its  voltage 
adjusted  to  that  of  the  generator,  then,  when  the  inevitable  fluc- 
tuation in  the  speeds  of  the  two  machines  brings  them  in  phase,  they 
are  thrown  together.  When  the  two  machines  have  the  same  fre- 
quency, the  same  phase  and  the  same  voltage,  there  will  be  no  un- 
balanced e.m.f.  and  consequently  no  rush  of  current  when  the 
machines  are  connected  together. 

In  synchronizing  two  machines  it  is  evidently  necessary  to  have 
some  means  for  determining  when  the  frequency  and  phase  position 
of  the  incoming  machine  are  right.  The  ])rinciple  of  the  most  com- 
mon method  of  doing  this  is  shown  in  Fig  i. 

A  and  B  each  represent  a  single-phase  ntachine  or  one  phase 
of  a  polyphase  machine.  The  leads  of  both  machines  are  connected 
to  the  switch  C,  through  two  series  of  incandescent  lamps.  D  and  E. 
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It  is  evident  that  as  the  relative  positions  of  the  phases  of  the 
electromotive  forces  change  from  that  of  exact  coincidence  to  that 
of  exact  opposition  the  flow  of  current  through  the  lamps  varies  from 
a  minimum  to  a  maximum.  If  the  electromotive  forces  of  the  ma- 
chines are  in  phase  and  of  the  same  value,  the  current  through  the 
lamps  will  be  zero.     But  as  the  difference  in  phase  increases,  the 
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FIG.    I LAMP    METHOD    OF    SYNCHRONIZING 


lamps  will  light  up  and  increase  in  brilliancy  until  the  maximum  is 
reached,  when  the  phases  are  in  exact  opposition.  From  this  posi- 
tion they  will  decrease  in  brilliancy  until  dark,  indicating  that  the 
machines  are  in  phase  again.  The  rate  of  this  pulsation  of  the  lamps 
depends  on  the  relative  frequency  of  the  machines  to  be  synchron- 
ized. If  this  rate  is  reduced  to  about  one  pulsation  in  ten  seconds, 
ample  time  will  be  allowed  for  closing  the  circuit. 

The  synchronizing  device  instead  of  being  connected  directly 
across  the  two  circuits  may  be  connected  in  the  secondary  circuit  of 
two  shunt  transformers  as  shown  in  Fig.  2.  There  are  two  trans- 
formers, the  primaries  of  which  are  connected  across  the  generator 
circuit  and  rotary  converter  circuit,  respectively,  and  the  secondaries 
of  which  are  connected  in  series  through  the  lamps  or  other  syn- 
chronizing device.  If  the  transformers  are  connected  similarly  in 
the  two  circuits  there  will  be  no  current  through  the  lamps  when  the 
machines  are  in  phase,  since  the  induced  currents  in  the  trans- 
formers will  be  opposed  as  shown  by  the  arrows  in  the  diagram. 
When  the  machines  are  out  of  phase  the  electromotive  forces  will 
be  out  of  phase  also  and  current  will  flow  through  the  lamps,  the 
amount  of  the  current  and  the  resulting  brilliancy  of  the  lamps  de- 
pending on  the  diflference  in  phase.     If  the  connections  of  either  the 
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primary  or  secondary  of  either  transformer  be  reversed  from  those 
shown  in  the  diagram,  the  indications  of  the  lamps  will  be  reversed ; 
that  is,  when  the  machines  are  in  phase  the  lamps  will  now  burn  at 
maximum  brilliancy.  In  common  practice  the  transformer  connec- 
tions are  so  made  that  the  lamps  will  be  dark  when  the  machines 
are  in  phase. 

In  order  to  determine  whether  the  synchronizing  lamps  will  be 
bright  or  dark  when  the  machines  are  in  phase,  raise  the  alternating- 
current  brushes  from  the  collectors  of  the  rotary  converter  and  close 
the  alternating-current  switches.  Since  the  primaries  of  both  trans- 
formers are  now  connected  to  the  alternating-current  line  the  syn- 
chronizing circuit  will  be  operating  under  the  same  conditions  as 
when  the  main  switches  are  open  and  the  rotary  converter  is  in  phase 
with  the  line.  If  the  lamps  burn  brightly,  and  it  is  desired  that  they 
be  dark  for  an  indication  of  synchronism,  the  connections  of  one  of 
the  primaries  or  one  of  the  secondaries  of  one  of  the  transformers 
should  be  reversed.  The  lamps  should  be  adapted  for  the  highest 
voltage  which  they  will  receive.     If  they  are  placed  upon  the  sec- 


O^ 


FIG.    2 TRANSFORMER  AND   LAMP   METHOD  OF    SYNCHRONIZING 

ondaries  of  two  lOO-volt  transformers,  there  should  be  two  lOO-volt 
lamps  or  four  50-volt  lamps  in  series. 

Lamps  are  commonly  used  as  the  synchronizing  device,  but  they 
are  objectionable  for  the  reasons  that  it  requires  a  large  difference 
of  phase  to  make  them  glow  and  that  they  do  not  distinguish  be- 
tween a  machine  running  too  fast  and  one  running  too  slow. 

Tiie  ideal  synchronizer  should  perform  three  distinct  functions. 

(i)  It  should  indicate  whether  the  incoming  machine  is  run- 
ning too  slow  or  too  fast. 
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SYNCHROSCOPE 


(2)  It  should  indicate  the  amount  by  which  tlie  incoming- 
machine  is  too  slow  or  too  fast. 

(3)  It  should  indicate  the  exact  time  of  synchronism  or  co- 
incidence in  phase  between  the  bus  bars  and  the  incoming-  machine. 

These   functions   are   excellently   performed  by  an   instrument 

known  as  the  synchroscope,  which  is 
herewith  illustrated.  The  instrument 
is  provided  with  an  indicating  pointer. 
The  phase  angle  between  the  con- 
verter and  the  generator  is  always 
ef[ual  to  the  angle  between  the  pointer 
and  its  vertical  position  marked  on  the 
dial  of  the  instrument.  If  the  fre- 
quency of  the  incoming  machine  is 
higher  than  that  of  the  line,  this  angle 
will  vary,  causing  the  pointer  to  rotate 
in  one  direction.  If  the  incoming  ma- 
chine is  lower  in  frequency,  the 
pointer  will  rotate  in  the  opposite  di- 
rection. FAST  and  SLOW  on  the 
dial  mean  that  the  frequency  of  the  machine  is  higher  or  lower 
than  the  frequency  of  the  line.  When  the  frequency  of  the  ma- 
chine is  equal  to  that  of  the  line  the  pointer  stops  at  some  position 
on  the  scale,  and  wdien  the  machine  is  in  phase  with  the  line  the 
pointer  coincides  with  the  dummy  pointer  at  the  top  of  the  scale. 
The  main  switch  may  then  be  closed. 

Two  shunt  transformers  are  necessary  to  connect  the  instrument 
to  the  bus  bars  and  one  additional  shunt  transformer  to  connect  it 
to  each  machine  to  be  synchronized.  When  installed  the  same  shunt 
transformers  may  be  employed  in  connecting  other  instruments  to  the 
Idus  Ijars  and  machines. 

When  the  corresponding  circuits  of  the  line  and  the  incoming 
machine  have  been  located  the  main  circuits  of  the  incoming  ma- 
chine should  be  so  connected  to  the  switches  that  the  main  circuits 
of  the  machine  will  be  connected  to  the  main  circuits  of  the  line  when 
the  switches  are  closed.  There  is  still  a  chance  that  the  two  phases 
of  the  machine  may  be  dissimilarly  connected,  to  the  line  so  that  the 
electromotive  force  of  one  phase  will  be  in  phase  with  the  line  wlAle 
the  electromotive  force  of  the  other  phase  will  be  opposed  to  that  of 
the  line.    In  order  to  determine  whether  or  not  these  connections  are 
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correct,  two  synchronizing  devices,  one  for  each  phase,  must  be 
connected  in  circuit  simultaneously.  The  connections  for  each  phase 
are  identical  with  the  connections  for  a  single-phase  circuit  shown 
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in  Fig  I.  If  transformers  are  used  with  the  synchronizing  lamps, 
each  set  of  lamps  should  be  tested  out  separately  as  previously  de- 
scribed to  insure  that  the  lamps  will  all  be  dark  when  indicating 
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synchronism.  If  the  two  phases  are  relatively  correct  the  two  sets 
of  lamps  will  be  bright  at  the  same  time  and  dark  at  the  same  time 
when  the  machine  is  being  synchronized.  If  such  is  not  the  case  it 
will  be  necessary  to  reverse  the  connections  of  one  of  the  phases  of 
the  machine.     If  transformers  are  used  with  the  lamps  it  may  now 
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be  necessary  to  change  some  connections  in  the  synchronizing  cir- 
cuit in  this  phase,  depending-  upon  the  place  in  the  main  circuit  in 
which  the  leads  were  reversed.  The  synchronizing  lamps  should 
therefore  be  relested  to  make  sure  ihat  both  sets  of  lamps  are  dark 
when  indicating-  synchroiiism.  It  will  now  be  found  that  when  the 
machine  is  synchronized  and  one  phase  connected  to  the  line,  that 
the  lamps  in  the  synchronizer  of  the  other  phase  will  be  dark,  indi- 
cating that  that  phase  is  also  in  synchronism.  Therefore,  the  ma- 
chine may  be  synchronized  by  a  synchronizing  device  in  only  one 
phase  after  the  correctness  of  the  connections  has  been  determined. 
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ITEMS    FROM    THE    NOTEBOOK    OF    THE    APPRENTICE 

INTERPHASE    CONXECTIONS    ON    TWO-PHASE    GENERATORS     SECURING 
LOW  VOLTAGES  FOR  STARTING  INDUCTION  MOTORS 

It  was  suggested  in  a  recent  article  on  the  polyphase  induction 
motor,  November  Journal,  p.  603,  that  a  scale  of  starting  voltages 
may  be  obtained  from  two  single-phase  transformers  by  simply  con- 
necting the  secondaries  to- 
gether at  points  to  one  side  of 
the  middle  point  of  the  wind- 
ing. 

In  a  few  instances  this  prin- 
ciple has  been  applied  to  the 
windings  of  the  generator  ar- 
mature. The  windings  are 
connected  together  at  the  one- 
third  point,  which  gives  the 
various  voltages  as  seen  in  the 
accompanying  diagram.  A 
fifth  collector  ring  is  connect- 
ed with  this  common  point, 
which  at  once  provides  a  two- 
phase  voltage  series  of  146.7, 
293.3  and  440,  the  latter  being  the  full  voltage  of  the  generator.  In 
machines  of  low  voltage,  parallel  circuits  in  each  phase  winding  arc 
necessary.  In  order  to  make  this  interphase  connection  in  all  the 
parallel  circuits  a  copper  ring  is  placed  on  each  end  of  the  arma- 
ture, each  ring  joining  the  one-third  points  of  all  the  parallel  wind- 
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ing-s  of  one  phase,  and  the  two   rings  joined   together  by  a  con- 
nector passing  through  the  framework  of  the  armature. 

BREAKING  OF   ARMATURE  LEADS  ON    SAIALL  ARMATURES 

The  breaking  of  the  wires  leading  from  the  armature  coils  to 
the  commutator  on  armatures  using  wire  of  a  very  small  size  is 
discussed  in  the  supplement  to  The  Electrical  Engineer,  of  London, 
in  several  replies  to  a  question  box  conducted  by  that  paper.  The 
following  conclusions  are  given  as  representing  the  most  probable 
causes  and  the  best  remedies : 

The  perpetual  vibrations  to  which  the  short  stretches  of  unsup- 
ported wires  are  subjected  in  relation  to  the  ability  of  the  wire  to 
mechanically  withstand  the  same  is  unquestionably  the  essence  of  the 
whole  consideration. 

The  vibrations  may  be  due  to  (i)  vibration  of  the  whole  arma- 
ture due  to  inaccurate  balancing;  (2)  relative  motion  between  the 
armature  winding  and  the  commutator,  owing  to  the  latter  being 
lightly  secured  to  the  shaft — e.  g.,  by  means  of  a  simple  set  screw  in 
place  of  a  proper  key;  (3)  electro-magnetic  interaction  between  the 
currents  in  the  connecting  wires  and  the  leakage  field  in  which  they 
rotate;  (4)  loose  or  imperfectly  fitting  of  the  band  wires;  (5)  im- 
perfect foundation. 

These  vibrations  may  be  reduced  by  several  different  methods: 
(i)  using  heavier  wire  for  the  connecting  leads;  (2)  doubling  the 
lead  back  on  itself  after  it  has  reached  its  commutator  segment,  the 
whole  lead  then  being  twisted;  (3)  reducing  the  length  of  the  leads, 
(4)  by  winding  a  layer  of  strong  twine  over  the  end  connections  ex- 
tending inwards  from  the  commutator  necks  about  one-third  the 
distance  from  the  necks  to  the  armature  core  plates. 

The  ability  of  the  leads  to  withstand  these  vibrations  may  be 
greatly  reduced  by  ( i )  over  heating  them  while  soldering ;  intense 
heat  tends  to  crystalize  the  copper  and  greatly  reduces  its  strength 
at  that  point;  (2)  by  injuring  the  surface  of  the  wire  wliile  remov- 
ing the  insulation. 

UKPAIRING  PITTED  COMMUTATORS 

Pitting  is  the  term  given  to  the  eating  away  of  the  insulating 
strip  between  two  adjacent  commutator  bars.  Anything  which  will 
establish  an  arc  between  any  two  adjacent  bars  for  an  appreciable 
length  of  time,  will  start  a  pit.     These  pits  occur  sometimes  on  the 
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face  of  the  commutator,  sometimes  at  the  end  and  not  infrequenth' 
on  any  part  of  the  surface  where  there  are  sharp  corners. 

When  a  pit  is  discovered,  the  hole  should  be  cleaned  out  thor- 
oughly with  a  sharp  steel  in.stru'.nent.  taking  care  that  the  car- 
bonized mica  is  cut  out  entirely,  and  also  that  the  projecting  points 
on  the  copper  between  the  bars  caused  by  the  arcing,  are  smoothed 
off.  The  hole  should  then  be  filled  with  mica  if  a  large  one,  or  a 
mixture  of  plaster  of  paris  and  shellac  if  a  small  one.  If  the  pit 
is  carefully  cleaned,  this  will  prevent  any  further  pitting  at  that 
point. 
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„.      „     ,   ^.         In  the  earlv  dav  of  electric  lighting  there  was  no 
The  Evolution         .    ,  ,        ;        "  ^,  ^        ^.    , 

switchboard  per  se.  I  here  were  switches,  and  in- 
dicating instruments  such  as  ammeters  and  volt- 
meters, but  of  doubtful  veracity.  Protection  was 
furnished  entirely  by  fuses. 

I  remember  well  one  of  the  early  direct-current  plants.  The 
generator  switches  were  on  one  side  of  the  dynamo  room;  the 
field  rheostats  and  machine  voltmeters  were  on  the  opposite  side ; 
the  feeder  regulators  with  feeder  voltmeters  were  on  a  third  side. 
Off  in  one  corner  were  the  ammeters,  and  the  feeder  plug-switches 
with  the  fuses  were  in  still  another  corner.  This  plant  was  a  fair 
example  of  the  old  way  of  laying  out  a  station  where  the  steam 
plant  was  first  provided  for,  the  generators  squeezed  in,  and  what- 
ever space  remaining  was  utilized  for  the  necessary  switching  and 
regulating  appliances.  The  arrangement  was  admirably  designed  to 
give  exercise  to  the  station  attendant. 

Although  the  different  appliances  were  scattered  all  around  this 
station,  the  engineer  who  made  the  plans  evidently  had  a  clear 
notion  of  what  he  desired  to  accomplish.  In  a  general  way  his 
idea  coincided  with  modern  practice ;  separate  and  independent 
control  of  the  generators,  and  of  the  feeders  as  far  as  possible, 
together  with  protection  at  every  point  where  a  feeder  left  the 
station. 

The  next  step  was  the  assemblage  of  the  switchboard  ap- 
paratus on  a  single  board,  usually  of  wood,  which  was  mounted 
against  a  wall   of   the   station,   but   the  crowding  of  wires   in   the 
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confined  space  back  of  the  board  naturally  led  to  much  trouble 
and  gave  little  opportunity  for  inspection  or  repairing.  The  board 
was  then  placed  at  a  distance  from  the  wall  so  that  a  man  could 
easily  get  behind  it.  This  plan  was  regarded  by  many  as  a  wicked 
waste  of  space  and  an  invitation  to  the  electrical  tinker  to  engage 
in  dangerous  experiments. 

The  number  of  fires  started  by  short  circuits  on  wooden  panels 
soon  made  it  apparent  that  a  fireproof  material  was  absolutely 
essential  for  the  safe  mounting  of  live  wires.  This  brought  out 
the  marble  panel,  having  a  definite  arrangement  of  instruments 
and  so  constructed  that  the  different  panels  could  be  grouped  to 
form  a  switchboard  consisting  of  generator  panels,  load  panels, 
feeder  panels,  etc.,  each  distinguished  by  an  arrangement  of  instru- 
ments designed  for  the  special  service  required. 

I\Ir.  Peck,  in  his  article  on  '"Modern  Practice  in  Switchboard 
Design,"  beginning  in  this  issue  of  The  Journal,  opens  up  a  sub- 
ject of  vital  importance.  He  points  out  that  a  thorough  knowledge 
of  this  subject  is  essential  to  the  engineer,  whether  he  is  making  a 
specialty  of  the  operation  or  the  construction  of  plants,  or  the 
design  of  apparatus.  Consulting  engineers  already  realize  the  im- 
portance of  this  part  of  the  plant  and  every  year  it  receives  in- 
creased attention  from  them. 

Mr.  Peck  also  draws  a  striking  analogy  between  the  office  of  a 
large  manufacturing  plant  and  the  switchboard  of  a  power  plant. 
It  is  evident  that  the  total  output  of  the  power  station  is  brought  to 
a  focus  at  the  switchboard,  as  the  manufacturer's  business  is 
focused  at  the  main  office.  The  importance  of  the  switchboard  as 
the  central  point  from  which  an  electrical  system  is  operated  and 
controlled  should  direct  attention  to  it  and  make  it  one  of  the 
features  to  which  the  greatest  care  is  given  in  the  design  of  a 
large  plant.  C.  I.  Young. 

A  Man's  The  relations  of  different  men  to  their  work  are  deter- 
Work         mined  from  widely  different  points  of  view. 

(  )ne  man  will  work  entirely  for  the  money  he  receives.  The 
work  he  docs  is  limited  by  his  own  estimate  of  the  value  of  his 
compensation.  The  value  of  this  work,  both  to  himself  and  to  bis 
employers,  is  influenced  by  everv  little  current  of  circumstance  to 
which  he  is  subjected. 

A  second  man  will  labor  for  the  good  the  work  does  him.  His 
capacity  and  ability  are  the  only  limits  to  the  amount  and  kind  of 
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service  he  will  render.  Salary,  the  personal  qualities  of  the  men 
directly  above  him,  and  other  things  that  do  not  affect  the  value 
of  his  work  to  himself,  are  of  secondary  importance.  Doing  his 
work  to  the  best  of  his  ability  is  a  simple  matter  of  loyalty  to  him- 
self.   He  is  above  the  influences  of  these  circumstances. 

A  third  man  will  do  his  work  not  only  for  the  benefit  of  it  to 
himself  and  for  his  future  advancement,  but  for  the  accomplish- 
ment of  results.  He  is  not  essentially  different  from  the  second 
man ;  he  is  merely  a  step  farther  along  in  his  development.  In  an 
organization  of  men  the  second  man  may  be  of  restricted  usefulness. 
Self-centered,  he  may  easily  miss  his  part  in  the  common  interest? 
and  purpose  of  the  organization.  The  third  man,  on  the  contrarv. 
looks  beyond  himself  to  the  results  of  his  work.  Of  necessity,  he 
feels  himself  a  part  of  the  organization ;  he  is  as  intent  upon  its 
achievements,  its  development  and  its  success,  as  he  is  upon  his  own. 

In  the  rank  and  file  of  an  industrial  company  this  identification 
of  the  individual  with  the  organization  interests  comes  most  easily 
through  a  feeling  of  loyalty  to  the  company  on  the  part  of  its 
members.  Whether  a  man  works  only  for  the  money  he  receives 
or  for  his  own  growth  and  development  depends  mainly  on  the 
man — on  his  own  way  of  looking  at  things.  But  whether  a  man 
works  for  the  best  interests  of  his  company,  as  well  as  for  his  own 
best  interests,  depends  largely  on  the  character  of  the  company. 
It  must  be  one  worthy  of  loyalty.  But  assuming  that  it  possesses 
such  a  character,  how  can  a  company  show  it  and  prove  it? 

Aside  from  the  fundamental  requisite  of  fair  business  relations 
between  the  organization  and  its  members,  there  is  no  more  cer- 
tain way  of  doing  this  than  by  making  the  younger  men  know  the 
men  who  direct  the  policy  and  work  of  the  organization;  the  char- 
acter of  the  company  is  merely  a  composite  reflection  of  the  char- 
acters of  these  men. 

Considering  these  things,  the  work  of  The  Electric  Club 
in  its  relation  to  the  Electric  Company  assumes  a  deeper  signifi- 
cance. The  technical  value  of  this  work  to  the  members  needs  no 
emphasis.  We  wish  to  direct  attention  to  the  less  evident,  but  more 
important,  result  of  this  work  in  bringing  the  different  groups  of 
men  in  the  company  together,  in  giving  them  the  opportunity  of 
knowing  and  appreciating  each  other :  in  the  section  meetings  bring- 
ing the  engineers  and  apprentices  together,  and  in  the  lectures  bring- 
ing the  officials,  engineers,  apprentices  and  shopmen  together.  This 
|)ersonal  association  which  the  club  makes  possible  is  of  even  greater 
importance  than  any  amount  of  instruction  or  entertainment. 
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